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A Utah corporation, Weider Nutrition International, Inc. rweider”) is one of the 

,- largest sqpliers of health, fitness, and wellness products worldwide. Weider: 

manufactures and markets p#ucts in the sports nutrition, bottled drink, diet, m ,. .. 

vitamin, and ~~~tritiodly based snack bar categories, including some dietary s&&ments 

that mntain glucosamine and chondroitin sulfate. Weider has been a hea&h, $tness and 

sports nutrition leader for sixty years s&e its founding iq 193?. 

. . . 
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e. May 29,2003 
. . 

PETITIONER: Weider IWrition liitemational, Inc. 

ADDRESS: 

.a 

c/o Emord & Associates, P.C. 
5282 Lyngate Court 
Burke, VA~22015 

‘, . SUBJECT: ” Petition for Health Cl*: Glucosa&ne and Chondroiti,n Sulfate and (1) 
Osteoarkitis; (2) Osteoarthritis-related joint pain, joint tenderness; and 
joint~hvelling; (3) joint degeneratiom and (4) cartilage deterioration . . 

Food & Drug xkimi&tI'atiOn 
Of&e of Nutritional Products, Labehng, and Dietary’ Supplements 
@‘S-800 
5 100 Paint Branch P-y 
college Park, MD 20740 

1. Introduction and Statement of Puxwose _’ 
Weider Nutrition International, Inc. (hereinafter “Petitioner”), pursuant to Section 

0 

403(r)@)(D) of the Federal Food, Drug and Cosmetic &ct (“‘FDCA’)(21 U.S.C. 3 343(r)(5)@)), ,’ . . 
submits this petition for health claims concerning the relationship between the consumption of 

glucosamine and chondroitin sulfate and reduction in the risk of: osteoarthritis; osteoarthritis - 

related joint pain, joint tendemess, and joint swelling; joint degeneration; and cartilage 

deterioration. The propos$ claims are contained in se&ion V ‘below. Attached hereto, and 

~om&uting a p&t of this petition, are all of the items specified in 21 C.F.R. 0 101.70(f). 

This petition presents a logical and valid. evaluation of the scientific studies and clinical 

trials concerning the relationship between glucosamine and choqlroitin sulfate and reduction in 

the r&of: osteoarthritis; osteoarthritis-rehtted joint pain, joint tenderness, and joint swelling; 

joint degeneration; and cartilage deterioration, The attached scientific studies demonstrate that 

the consumption of glucosamine and .chor&oitin sulfate may reduce the risk of osteoarthritis; 

m?y reduce the risk of osteoarthritis-related joint pain, joint tenderness, and joint swelling; and 

* may reduce the risk of joint degeneration and cartilage deterioration. The scientific evidence 



a justifies pbrrnitig a health &im that links consumption of glucosarnine and ~hondroitln &f&e 
:. 

~t,h~&uction in tlxke,.risks. &g Glade Report attached as Exhibit 

I( The proposed health claims respond to major public health concerns &.the United States: 

osteo~tis; osteoarthritis-related joint pain, joint tenderness, and joint swelling; and joti : : 

degeneration and cartilage deterioration.. 2 1 C.F.R. $10 1.75. Osteoarthritis (also knovvn as 

degenerative joint disease) is a frequent cause of physical disability among adults, affecting more 
, 

than 20 million Americans. National Institute of Arthritis and Musculoskeletal and Skin 

Diseases, Nathd Institutes of Health, Handout OII Health: Odamthritis, 

www.niams.nih,9c~~~~~do~.h~ (attached as Exhibit 2). It is the most 

cognmon form of arthritis. Id; In the US, among those aged 15to 40: years, the i&deuce of . 

a 
~~~arthritis in at least one joint is 5%; in those over 65 it is over 60%. Exh. 1 at.7. By 2030, 

20 percent of Americans -about 70 million people-will have passed their ,65& birthday and will 

be at risk for osteoarthritis. Exh. 2. I’he prevalence of at least onemildly symptomatic 

osteoarthritis joint occurs in about 30% of the U.S. population. Exh. 1 at 7. 

Glucosamine and chondroitin sulfate are naturally-occurring substances present in 

cartilage and the extracellular matrix of the articular cartilage of humans and other mammals. 

Both substances are commonly sold as dietary supplements: As discussed belovv, both * 

glucosamine ,and chondroitin sulfate possess properties that help promote and maintain the 

~dure and fiu~ction of joints in the body and may also have anti-inilannnatory activity. PDR 

. for Nutritional Supplements at 94,187 (attached as Exh. 3). The scientific studies described in _’ 
this petition directly address the important public health issue of gluoosamine .and &o&&in 

a sulfate’s eff&zts on osteoarthritis; onosteoarthritis-related joint pain, joint tenderness, and joint 

2 



*’ swelling; dn joint degeneration; and on cartilage deterioration and further *onal a&d DHHs 
,. ;. 

p&ieS by identifjklg 10~ cost m+tu of reducing risks of those dims and did &md$cks. 
, . 

The Petitioner believes that the tnrthfit and succinct healthin$ormation copveyed bi its 

pr’oposed health ,c!aims till enable consumers to make prudent and effective dietary choices. 

Lahbg dietaqy sup+ernents with the proposed glucosamine.and chomiroitin sulf@ claimg will 

inform consumers at the point of sale of current scientific evidence concerning means p reduce : 

&e risk of: osteoarthritis; osteoarthritis-related joint pain, jokt tenderness, and joint swelling; 

joint degeneration; aad cartilage de@ioration. .The petitioned clai,nas will accurafely impart to 

consumers scientific understanding about the relationship betieen gluc@unine and &ondro~~ 

sulfate and those diseas& and disease‘co&iitions. 

Consistent with the deeisiori in Pearson v. Shalala, 164 F.3d. 650 @.C.Ck. 1999), reh’g 

0 
denied en bane, 172 F.2d 72 @.C.Cir. 1999); Pearson v. shalala, 130 F.Supp.2d 105 (2001), 

recon. denied, Pearson v. Thomoson, 141 F. Supp. 2d 105 @.D.C: 2001); and Whitaker v. 

‘fhompson, 2002 U.S. Dist. LEXIS 25299 (D.D.C. 2002), the Petitioner respectfully requests that 

if the agency frtrds that any of the proposed claims does not satisfy its “significant scientific 

agreement” standard, that the agency authorize that claim or those claims nevertheless, with such 

succinct and accurate disclaimers as are reasonably necessary to avoid a potentially misle@ing 

connotation. The petitioner will accept any reasonable, succinct, and accurate &sch&ners that. 

achieve that objective. 



e Ii. Prelignina~ Reaniremebts 

A GIucos&nine and chondroitin sulfate meet the definition of 21 C.F.R 101.14(a) 

‘Ihe Petitioner seeks FDA approval of the proposed claims for use on dietary supplements 

corifaining ghmwaine and chondroitin sulfate. Glucosamine and chondroitin sulfate each, meet 

.: the &fhition of a “substance” under 21 C.F.& ‘8 101,14(a): %bstan~ means a specific f&d or 

component of food, regardless of whether the’ food is in conventional food form or a dietary 

supplement that includes vitamius, minerals, herbs, or other similar nutritional substances.‘” 21 

C.F.R. $101.4 (2002). As stated by NIH, both gluc~~atnine and chondroitin sulfate are 

c~~trients.. . found in small quantities in food and are components of normal cartilage,” Exh. 2 .’ 

at 16. 

Gluoosamine is an amino monosaccharide commonly found in chitin, glycoproteins, and 

* 
gly~saminogly~ans such as hyaluronic acid and heparan sulfate. Exh. 3 at 186. D-Glucosamine 

is present in all foods containing cartilage or glycoproteins. Exh. 1 at 21. Glucosamine is 

available commercially as a dietary supplement in three forms: glucosamine hydrochloride or 

glucosamine HCl, glucosamine s&ate, and N-acetyl-glucosamine. Exh.3 at 187. The type of 

glucosarnine found in supplements is typically derived from marine exoskeletons although 

synthetic glwosamine is also available. && at 187. 

Chondroitin sulfate belongs to a family of heteropolysaccharides called 

glycosaminoglycans. Id. at 93. Glycosaminoglycans in the form\of proteoglycans make up the 

ground substance in connective tissues’ extracellular matrix. Id. Chondroitin sulfate is found in 

h~an,,fisln, and shark cartilage; skin, heartyalves; tendons; and arterial walls. I& The sources 



‘. 

0’ 

of chondroitin sulfbte used in supplements include bovine trachea, pork byproducts (ears and 

snout} and shark cd.ihtg~. Id. at 94.’ 
‘. 

Bemuse glucosamine and chondroitin sulfate are present as foods and coiqqnents of 

fiqqis, they are “substances” as de&n&by 21 C.F.R. 3 101,14(a). 

B. Glucosamine and ch?nd+in sulfate meet the definition of21 C.F.R 101,14(b) 

The proposed heahh claims meet the relevant eligibility requirements of 21’ &.R 9. 

101.14(b). Stxtion 101.14(b) requires: 

(b) Eligibility. ‘For a substance to be eligible for a beakh +im: 
(1) tbe substance must be associated with a disease or health-related condition for which 

the general U.S. population, or anidentified US. population subgroup (e.g., the 
elderly) is at risk, ,or, ahernati~ely, the petition submitted by the proponent of the 
&im otherwise explainsthe prevalence of the disease or health-related condition in 
the U.S. population and the relevance of the claim in the context of the total daily diet 
and satisfies the other r&#irements of this section. 

(2) If ,the substance is to be consumed as a component of a conventional food at 
decreased dietary levels, the substance must be a nutrient listed in 21 U.S.C. 0 
343MxW) or Qlxl)@)~ or one that the Food and Drug Administration (FDA) has 
required to be included in the label or labeling under 21 U.S.C. 5..343@)(2)(A); or 

(3) If the substance is to be consumed at other than decreased dietary levels: : 
(0 The substance must, regardless of whetherlthe food‘is a conventional food or a 

dietary supplement, contribute taste, aroma, or nutritive value, or any other 
technical effect listed in $ 170.3(o) of this chapter, to the food and mustretain 
that attribute when consumed at levels that are necessary to just@ a claim; 

(ii) ~~substancemustbeafoodorafoodingredientoracomponentofafood 
ingredient whose use at the levels necessary to justify a claim has been 
demonstrated by the proponent of the clain~, to FDA’s satisfaction, to be safe 
and lawful under the applicable food safety provisions ,of the”Federal Food, 
Drug and Cosmetic Act. 

1. Glucosamine and chondroitin sulfate are associated with a disease for which the zenera 
U.S. pouulatibn is at risk 

A ‘disease or health-related condition” means “damage to an organ, part, structure, or 

system of the body such that it does not function properly (e.g. cardiovascular disease), or a state 

’ pet&&s source of chondroitin sulfate is bovine trachea, exclusively obtained from animaIs bread and harvested 
in the United States. 



e ofheakh leading to s%h dystitioning (e.g. hypertension); except that diseases resulting from 

essential nutrient deficiencies (eg., scurvy, pellagra) are not included in this definition (cla&n~ 

. w to such diseases are hereby not subject to 0 lQlJ3 or 8 101.70).” 21 C.F.R.’ # 

10$.14(a)(S). The proposed health ~1aimS ~SSOC&E the substances, glucosamine ahd chc@roitin 

s&&e, \ivith a disease, osteoarthritis, and with disease or health-related conditions, osteoarthritis- 

related joint pain, joint tenderness, joint swelling, and joint degeneration and oartilage . 

deterioration. 

Osteoarthritis (also known as degenerative joint disease) is the most common form of 

a&&is, affecting more than 20 million Americans. Exh. 2 at 2. Osteoarthritis is a 

mdtifaad& polygenic disorder involving~me+nicalI, biochemical, environmental, systemic, 

and genetic factors that contribute to imbalance between synthesis and degradation and 

a 
&erior@on of cartilage matrix. Exh. 1 at 7. it is characterized by focal loss of cartilage and 

hypertrophic: bone spurs. Exh. 1 at 7. While the term osteoarthritis refers to the overgrowth of 
‘, 

bone in certain areas of the joint, the disease is ,marked by net loss of cartilage tissue. & 

Changes in the macromolecular composition of the extracellular matrix of articular cartilage are 

characteristic of clinically apparent osteoarthritis. Exh. 1 at 6. Those changes cause a chronic 

degeneration of the extracellular matrix, a. 

The primary complaint in osteoarthritis is pain, particularly concerning use of the 

affected joint. J& Pam can be accompanied by varying degrees of joint stiffiess, limitation of 

movement, tenderness and swelling at the joint margins, and loss of function. && 

Radiologically-measured decrease in joint space is significantly correlated with increase m pain 

severity. Id. at 8* 

6 
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E&h year medical care for artbriti~~rcsulted in 750,000 hospit&&o& &d 36 m@~n _’ . I ._ 
outpatient visits. CB~, Targeting Arthritis: The Nation’s Leadiw Cause of Dis$$itv, 20,0? 

attac@d 85 hh. 4 at 2. h 199% medicalcare for arthritis cost ne&y $22 bilk@ d&c t&l 

cost,’ including lost productivity, topped $82 billion, according to estimates &om w ~meri;cm  

AcadTrnk ofCh&opaedic Surgeons. Id. As discussed sunra, the National Institutes of Health ‘, 

,,, hve estimated that by 2003 20 percentof Americans will be at risk for osteoarth&. ,Rxh, 2 at. 

2. Re&tion in the risk.of that disease; in the risk of joint pain, tenderness, and swelling 

associated with that disease; and in the risk of joint degeneration and cartilage deterioration is, 

QUIS, au econom ic and health necessity for the U.S. population. 

2. Glucosam ine ahd chondroith sulfate contribute nutritive value at the levels Dresent 

in suwlem ents 

e 
In accordance with section 101.14(b)(3)(i), gl ucosam ine and chondroitin sulfate 

contribute nutritive value. While there is no Reference Daily Intake @ R I) for either substance, 

the nutritive contributions of both we widely recognized. &  Exhibit 1 at 12-20; see also, Exh. 

3 at 93,187 (both substances may contribute to the promotion and maintenance of the structure 

and function of cartilage and m ay also have anti-inflam m atory activity). 

Glucosamine is an aminomonosaccharide. that serves as a substrate for the biosynthesis of * 
chondroitin sulfate, hyaluronan, and other macromolecules located in the extracellular cart&age 

mat&x. Exh. 1 at 2,. Chronic degeneration of the extracellular matrix of a&t&w cartilage is a 

required precursor to osteoarthritis. Id. at 6. Glucosamine has immunomod~atory, anabolic, 

and anticatabohc properties that are a result of its interaction with intercellular and intracellular 

cytokine-based com m unication systems. Id. at 11. 

* These statistics ari for all forx+ of arbitii Exh. I(CDC) at 2. Osteoarthritis is the m ost CORUIIO~ form  of 
arthritis. Exh. 2(NIAM S ) at 1 

7 



o- _ Chonciroitin sulfate is a glycosaminoglyeau & Chmdr&in sulfate polymers are 

screfed into the extnpllular matrix of articular cartilage and are covalently bound in&~ proteins, 

I ’ forming protein-polysaccharide compfezres called proteoglyean+ & at 2. Chondroitin ‘$ul&te is 

, F&+~g~, si~ficantly stimulates the production of IjrbteogIycans, inhibits the destruction of .( ‘. , 
, 2, &cd& d&e, and directly,protects artk+lar cartilage &racellular matrix macromolecules 

from elevated degradative enzyme activities characteristiic of asymptomatic subclinical cartilage ., 

degener+ion. :a at 1 l-12. 

’ ‘I’& proposed claims do not identify specific intake quantities for glucosambe or 

chondroitin sulfate. Studies have&own glucosamine supplementation to have nutritive v&e 
. . 

fiyn i 500 mg to 2000 mg a day. Exh. 1 at 12-l 5.3 Studies have shown chondr@n sulfate 

/ supplementation tb have nutritive~vahte from 400 mg to 1500 mg a day. Exh. 1 at 15-W: When 

e P combined, glucosainine supplementation is recommended at 1000 mglday along with: 806 

mg/&y of &ondroitin SL$&L & at 2 1. 

Chx&nine is typically supplied in sohd oral ‘dosage form in capsules containing 500 

mg, 550 mg, 750 mg, and 1000 mg; liquid containing 5O,rn& and tablets containing 340 mg, 500 

mg, and 1000 mg. Exh. 3 at 189. Chondroitin sulfate is typically supplied in solid oral dosage 

. form in capsules containing 250 mg, 400 mg, and 500 mg; and in tablets containing 250 mg, 400 

mg, 600 mg. Id, at 96. 

3. &ucosamine and chondroitin sulfate are safe and lawful under the FIXA 

“For each such ingredient listed, the petitioner should state how the ingredient complies 

with the requirements of 8 lQl.l4@)(3)(ii), ,e.g,, that its use is generally recognized as s&e 

(G&G), listed 8s a foo$ additive, or authkized by a prior sanction issued by the agency, and 

‘3 me the fom3s -of commercially-available D-&cosmnine vary in m&culer size affecting fheir p~po~mal 
weights. See Exh. 1 at 8. 

8 



0. w&t the basis is for the GRAS claim, the food additive stat&or prior sanctioned status.” 21 

. 
C.F.R. 4 lOI .70(f)(A). In accordance with section 101,13(b)(3)(ii), glucosarnine and chondroitin 

&&te are both foods and food ingredients and are safe and lam at the levels necessary to 

je,ti! ppod health d&k+. 
. . . 

As mentioned above, glucosamine is present in all foods containing cartilage or 

glycoproteins (Ed. I at 21) and chondroitin sulfate is present.in pork byproduc+s and other 

foods. Exh. 3 at 94. The FDCA deems dietary supplements a food under 21 U.S.C. g 321(B). 

Accordingly, glucosamine and chondroitin sulfate are both foods and food ingredients under 21 

C.F.R’§ lOl.l4(b)(3)(ii). 

Gl~cosamine and chondroitin sulfate are generally recognized as safe and lawful at the 

levels necessary to justify the proposed health claims. General recognition of safety is based on 

a the \riv of experts qualified by scientific training and experience to evaluate the safety of 
+ 

sub&an&es directly or indirectly added to food. 21 C.F.R. 15’ 170.30(a). The basis for such views .I 
may be either (1) scientific procedure or, in the case of a substance used in food prior to January 

1,1958, (2) through experience based on common use in food. Id. 

Safe or safety means that there is a reasonable certainty in the minds of competent 
scientists that the substance is not harmful under the intended conditions of use. It’is 
impossible in the present state of scientific knowledge to establish with complete 
certainty the absolute harmlessness of the use of any substance. Safety may be 
determined by scientific procedures or by general recognition of safety. In determining 
safety, the following .factors shall be considered: 
(1) the probable consumption of the substance and of any substance formed in or on food 

kimse of its use. 
(2) The cumulative effect of the substance in the diet, taking into acoourit any chemically 

or pharmacologically related substance or substances in such diet. 
(3) Safety factors which, in the opinion of experts qualified by scientific training and 

experience to evaluate the safety of food and food ingredients, are generally 
recognized as appropriate. 

,a 21 C.F.R. 0 170.3. 

9 



0 
Glucosamine and chondroitin sulfate have been naturahy oocurring ingredients in foods 

comwned in the United States prior to January 1,1958. There is no evidence that either 

ghmmamine or chondroitin sulfate consumed in foods or as dietary suppiemen~ have a 

cumulative efkct in the diet that aBeok their safety. & Exh4 1 at 21-22 (exoeptthat 

ghxmamine may “potentiate active peptic ulcers”); Exh. 3 at 95,188. There m no known 

&mctions with drugs in clinical practice, except for a general warning that dial&a may need 

to monitor their blood ghhe when taking glucosamine. Id. at 188. Moreover, there are no 

~OW hardi interactions with nutritional supplements, except for a general warning that 

&itosan may decrease the absorption of chondroitin sulfate. && at 95. Intake of giucoaamine at 

less than 400 mg a day (for adults) is unlikely to cause adverse reactions. Exh 1 at 2 1. In an 

analysis of 16 human studies involving 372 subjects, intake of chondroitin sulfate at less than 

>- 
a 

800 mg a day did not produce more adverse events than a placebo. Exh. 1 at 22. 

The PDR for Nutritional Supplements states that the most fkquently reported adverse 

reactions associated with gkosamine are “mild gastrointestinal complaints such as heartbum, 

epiga&c dktress, and diarrhea.” Exh. 1 at 21; Exh. 3 at 188. Similarly, adverse reactions 

associated with chondroitin sdfate are of the “mild gastrointestina-l variety, such as epig@c 

&stress, nausea, and diarrhea.” & at 95. The PDR indicates no significant adverse effects for 

either substance. Exh. 3 at 95 and lk8. 

The :maximum (safe) daily intake of both glucosamine and chondroitin sulfate is well 

above the amount reasonably required to accomplish the intended nutritive effect. 21 C.F.R. 6 

172.5. The safe upper: limits for glucosamine and chondroitin sulfate have not been established. 

l&h. 1 at 21-22;%Exh. 3 at 95996,188-189, No deaths have occurred in rnioe and rats from 

e 
glucosamim intakes of up to 5000 mgkg body weight. Exh. 1 at 21. Dietary supplementation 

10 



0’ 
,vith gl~sa,&rre for up tc three years did not produce an in&ease in the incidence or severity of 

side effects in placebo-contro&x! human studies. Id. Oral supplementation in rats and’rabl&s 

ti& cho&oiti.sulfate polymers at lg/kg body weight daily produced no effects on 

mutagenesis or reproductive fh~ti~n. & at 22. Dietarysupplementation with chondroit@ 
._ 

. . 

_‘.. sulfate &ynners forup to two years did not produce any increase in the incidence or severiti of 

side effects in placebo-controlled human studies. & 

me nut&ive effect in reducing the risk of oste@rthritis; osteoarthritis-related joint pain, 

joint tenderness, ,s.nd joint swelling; joint degeneration. and cartilage deterioration ha& been 

’ recoded in daily doses ranging f&m 1200 mg to 2000 mg (glucosamine) and from 400 mg to . . 
1200 mg (chondroitin sulfate) when taken separately, and from 1000 mg to 1600 mg 

(glucosamine) and fkom 800 mg to 1200 mg (chondr&n sulfate) when taken concurrently. u 

(I, 

The Rro?osed health claims thus comply with the safety and lawfullness requirements cf 21 

am. 5 101b.14@9W(Q. 

b sumnnxy, since glucosamine and cnondroitiri sulfate meet the, requirements set forth in 

21 CF.&. 0 IOI.l4(bj, the preliminary requirements of 21 C.F.R. 8 101.70 are fully satisfied, 
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m, ” Summa~ of Scientific Data Su8~~orliw the ProDo+& Chims ‘_ 

A. Si@kaDt scientific agreement exists to support the proposed claims 

/,’ ’ There is significant scientific agreement among experts who study inthe field of 

osteoarthritis that glucosamine and chondroitin sulfate are effective modifiers of the risk of 

osteoarthritis; the risk of osteoarthritis-related joint pain, joint tenderness, and joint.swelhng; and 

the risk of jctint degeneration and cartilage deterioration. &g Exh. 1 at I. The s&m& 

literature shows that dietary supplementation with glucosamine and chondroitin sate 

contributes to the preservation of articular cartilage, inhibits the initiation of oste~arthritic, 

change in articular cartilage, and inhibits the progression of osteoarthritic change to symptomatic ,’ 
* 

osteoarthritis. IJ& at 23. Dietary supplementation with glucosamine and chondroitin sulfate is an 

a effective modifier of osteoarthtitic change and reduces the risk for -osteoarthritis and of 

osteoarthritis-related joint pain, joint tenderness, and joint swelling. & 

Although the mechanism of glucosamine and chondroitin sulfate’s preservation and 

reparation effects is not entirely understood, much is known’about the biochemistry and 

physiology of the molecules containing both substances. w Exh. 1 at l-3,6-12; EJ&. 3 at 94, 

187. Glucosamine is involved in glyooprotein metabolism. Exh. 1 at 149-l 1; I$&. 3 at 1.87. 

Specifically, ghtcosamine appears to act by interrupting message transduction. &h. 1 at ,I(). Its 

immunomodufatory, anabolic and anticatabolic properties result at least in part from inte&tion 

with intercelhtlar and intracellular cytokine-based communication systems. & at 11. 

C!hond&hl sulfate appears to stimulate increases in the seCretion of proteoglycans in 

nonosteoarthritiC cartilage tissue and by embryonic articular cartilage chondrocytes in ce$l’ 

a c&ure. & at 1 I. Further;chondroitin sulfate may play a role in the direct, protection of a&x&x 

12 



a &&age e~lhll~ matrix macromolecules from the elevated ative enzyme activities 

c~~t3ristic of asymptomatic sub&nical cartilage degkration &at 12. 

GlycoprcMins, or proteoglycans, form the ground substa@e’in the extxa-cell~ar matrbr ‘. 
~foonnectiye tissue. && The poiysaccharide groups ir&oteoglycans are c&led ‘. 

. . . ,. 
. . gly~saxili&gly~~~(GAGs~ which include, among other &@tances, chondroitin sulfate. i& 

All the GAGS ccpti deriv&ives of glucosamine. Id. GAG chains we fundamental compqnmti ‘. 

of aggregm found in arti~uhr cartilage, whi& gives that cartilage its shock-absorbing proper&. 

&& in later stages of joint degeneration, aggregan biosynthesis is decrease d, bading to the loss 

of cartilage resiliency that accompanies osteoarthritis. Exh. 1 at 6-8; fixh. 3 at 187. 
. 

Within the cartilage matrix, constituents such as prote#ycans undergo a distinct _. 
turnover process during which the catabolism and removal of molecules from the e~llul~ 

a mat&c is in balance with the synthesis and deposit&n of new molecules. Exh. 1 at 1-2. A 

chronic imbalance in matrix macromolecule turnover prodMng net loss of articular tissue is a 

required precursor to the development of osteoarthritis and joint pain, Id. at 4. Studies have 

shown that glucosamine added to a culture mixture of chondrocytes harvested for osteoartl&tic 

human articular tissue inhibited the inherent and IL-l p-induced catabolic activity of 

metalloproteases secreted by chondrocytes and stimulated the synthesis of physiologically- 

, relevant proteoglycans similar to proteoglycans synthesized, by chondrocytes harvested from 

nonosteoarthritic human ~CU~C cartilage. && at l$O. In addition; studies have also shown that , 
when added to a culture media of chondrocytes harvested from osteoarthritic human artk!ular 

&lage, in which adhesion of chondrocytes to fibronectin and overall protein synthesis is 

significantly inhibited while e~acellular collagen&e activity is significantly increased, 

-0 
glucosamine restored the adhesive properties of the chondr~cytes, significantly reduced 
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e 

extracellul&r collk3g~ act&&y and significan~y increased the r+te of protein synth~. & at 
. . _’ ,. 

10. Thus, @ncosau&e aids in the synthesis of proteoglycans and inhibits cata&& ,&&&y h 

the.e+racellulaf matrix of cartilage, helping to nmintain the pmper &&me essen$al to car&e : 
:. :’ 

health. I&it 10-11. ‘i ‘_ 
.( Studies have shown that ~hondroitin sulf& stimulated signifkant increases @  the . . . . . 

.: 
~~fetion of proteogly~ in nonostewrkitic cartilage tissue. Id; at 12. Studies v&,&&bits 

have also shown that supplementation with chondroitin sul&te significantly inhibked the 

destruction of artiCUk cartihge folkN+6ng a co&%gen injection an4 significantly i@ibited +e 

depletion of proteoglycans in articular cartilage following subsequent injection of bmdykmm. 

& at 13. Those studies suggest that chondroitin sulfate also &eases the rate of protein 

synthesis essential to cartilage fiu&ion and also suggest a role in the direct protection 0fartida.r 

cartilage extracellular matrix macromolecules Corn the elevated degradative enzyme &vi&s 

e &racteristic of asymptomatic subclinical cartilage <iegeneration. Id. at 13. ,: Human &r&al 

trials and epidemiological studies are discussed in the following se&on. 

B. Seierdifie evidence demonstrates the public health benefits of ghcosamine and 
chondroitin sulfate 

Numerous clinical trials have evaluated the effects of glucosamine and chondroitin 

sulfate (separately and in combination) on the risk of, and pain, tenderness, and swelling 

associated with, osteoarthritis, as well as the risk of joint degeneration and cartilage 

1) Gllucosmine studies 

in tworandomized, double-blind, placebo-controlled cl&al studies, compared to the 

effects of placebo, dietary supplementation of subjects with mild to severe femorotibial 

a osteoarthritis with ~@dline I)-glucosamine sulfate for 1 month produoed significantly greater 
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It ~uctions’in~ art%%@ pin, tenderness, swelling, and restriction of movement.. E;xh; 1’~ 13. In .I 
‘, ., 

a recent long-term,randomized, double-blind study, 3 years of glucosamine suppl~qn,by 

subjeots with mild to severe femorotibial osteoarthritis produced significantly greater reduotions 
:: 

mthe mean rate of femorotibial joint space narrowing, of the WOMAC total.#ns&& ofthe 

WOMAd in&es of total knee health, pain, function, and stifkss, of the Lequesne fimctiona3 \ . 
jmlex, and of pain a~%& by a visual analog scale. Id. In a far-ranging rnulticenter ope&abel 

study, 1208 evaluable subjects were supplemented with glucosamine for 13 to 99 ‘days, 

physician ratings of subject responses were highly favorable (“Good”- 58%; ccSu@&nt”-36%). 

.J&at14. ‘” 

Meta-analyses of available scientific studies have concluded that supplementation of 

glucosamine produced significantly greater reductions in the severity of osteoa.rthritic pain in a 

(I) 
variety of locations, resuhing in a lower level of voluntary consumption of NSAIl&r 

(nonsteroia anti-inflammatory drugs). Id. Numerous other studies and results are in&led in 

the scientific reported as Exh. 1. Additional studies are attached, as E&ibit 7. 

2) Chondroitin sulfate studies 

As indicated in the enclosed scientific report and supporting science, in randomized, 

double-blind, placebo-controlled studies of subjects with femorotibial osteoarthritis ranging fkom 

mild to severe, dietary supplementation with chondoitin s&fate consistently produced 

significantly greater-decreases in the Lequesne Index of fi.mctional impairment and in the 

severity of spontaneous joint pain assessed using a visual scale. Exh. 1 at 15. In a randomized, 

double-blinds placebo+ontrolled study of subjects with osteoarthritis of the interphalangeal 

joints, daily supplementation with chondroitin sulfate produced a significantly greater decrease 

II, 
in the number of subjects whose osteoarthritis had progressed. & at 16. In another randomized, 



d&,&A@& plaCebq-dOntrolled study, 2 years of dietary supplementation with chondroitin 

&f& pducd significantly greater decreases in the severity of spontaneous joint pain and 

subjects qxnted decreased voluntary use of NSADs for rescue fiow pain. Id. In yet another 

controlled study of subjects with early mild femorotibial osteoarthritis, 330 days of chondroitin 

sulfate supp]leqentation produced significantly greater dm in the severity of: spostanesus 

joint pain assessed using a visual analog scale, pain on passive movement, pain on active .. 

movement, pain in the evening; significantly greater increases in joint mobility and ambulation; 

and a significantly smaller decrease in meaqarticular cartilage thickness. I&. Further, in wed 

smks, the effe’ectiveness of chondroitin sulfate in reducing pain associated with osteoarthritis 

has hn compared directly to the effectiveness of NSAIDs. & at 17. 

Investigators applying me&analyses of chondroitin sulfate supplementation studies have 

concluded that dietary supplementation with chondroitin sulfate for at least 120 days produced 

significantly greater reductions in the Lequesne Index of function impairment and in the severity 

. ofp& ~sessed using a visual analog scale than did placebo. Id. at 18. Other investigators 

concluded that dietary supplemenfation with chondroitin sulfate by individuals with osteoarthritis 

consistently produced significant decreases in joint pain and significant increases in joint 

function of small-to-moderate magnitude and that supplementation is “‘probably effective in 

osteoarthritis in reducing pain and in im@oving joint &n&ion.” I& at 18-l 9. Numerous other 

studies are analyzed in the scientific report’attached as Exhibit 1 and additional studies are 

attached as Exhibit 7. 

3) Studv comnaring effects of nlucosamine with chondroitin sulfate 

hi an open label trial, subjects with femorotibid osteoarthritis consumed either 

a glucosamine or chondroitin sulfate. Afbr 3 months, there were no significant differences 
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,. 

0, 
b-n the $raups of subjeks-72% assesA their improvement as “good” without side 

. 
effecti J&Sit 19 ,,, . 

4) Cambination of fzlucosamine and chondroitin sulfate in sunnlementation 

,I’ , hi one random@$ double-blind, placebo-controlled clinical trial, subjects with mihl to 

moderate femorotibial osteoarthritiis supplemented their diets with either a combination of . . *’ ; 
,,.glucosamine and chondroitin sulfate or a placebo. After 6 months; the supplementation was 

associated with significantly greater decreases in the Lequesne index of functional impairment 

1~ at 20. III another controlled trial, dietary supplementation with a combination of glucosamine 

and chondroitin sulfate was compared with a placebo in subjects with painEul osteoarthritis of the 

temporomandibuk joint. Id. at 20. After 12 weeks, those supplemented with the combination 

exhibited significantly greaterdecreases in temporomandibular joint tenderness and soundsand 

0 
in voluntary coflsumpti0~ Of pain relieving medications without the production of side e@&.s. 

’ & Other studies are included in the scientific report attached as Exhibit 1. Additional studies 

are attached as Exhibit 7. 

c. Scientitic summary issues 

1. Is there an outimum level of nlucosamine and chondroitin sulfate to be consumed 
bevond yhich no benefit would be expected? 

clinjd trials have tested wly doses ranging from 15OO.mg to 2000 mg (glucosamine) 

and #IO mg to 1200 mg (chondroitin) when taken separateiy, and 1000 mg to 1600 mg 

(g~wmwuine) and 800 mg to 1200 mg (chondroitin) when taken eoncurrently. Exh. 1 at 20-21; ,. 

see &o’Exh. 2. The attached scientific report states that reliable and credible scientific l&rature 

indicates that daily dietary supplementation of D-glucosarnine at 1000 mg/day is effective in 

reducing the rish of and joint pain, tenderness and swelling associated with osteoarthritis when 

m t&en with at least 800 mgklay of chondroitin sulfate. & at 21. There is no evidence of an 
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e optimum bve1 of eiw s&stance to be consumed beyond which 110 k&it is M 

Moreover, there me no reports of overdo&e. Exh. 3 at’ 95,188. 

2. Is there any level at which an adverse effect fkm~ the substance or from foods 
containing the substance occurs for any segment of the nonulation? 

* :. 
‘I’&& are no levels identified at which adverseeve@+ occm for any segment ofthe 

.:’ 

population. E&h. 3 at 95,188. There is a lark of reports of adverse reactions in the p&Ii& 

scientific literature and the safety of oral supplementation with glucosamke ‘and chondroitin 

sulfate have been documented in detail by several investigators. Exh. I at 14. 

: 3. Are there certain nonulations that must receive snecial consideration? 

.’ ‘I& PDR for Nutritional Supplements cautions that because of &suf&&nt safety data, 

pregnant women and nursing mothers should avoid using glucosamine, and &ose with type 2 

diabetes and those who are overweight who also have problems with glucoSe tolerance should 

* have their blood SU@IS carefully monitored. Exh. 3 at 188. The PDR also cautions that because 

of ins&icier& safety data, pregnant women and nursing mothers should avoid using chondroitin 

sulfate, and c:aution should be exercised by those taking warfarin and those with hemophilia 

because of “the theoretical possibility of chondroitin sulfate’s antithrombotic activity.” Exh. 3 at 

95. 

4. What other nutritional or health factors cloth nositive and negative) are imnortant 
to consider when consuming the substance? 

Thert: are no harmful interactions with drugs for either substance. Id- at 95,188. 

Glucosamine may increase insulin resistance and consequently afkct glucose tolerance. & at 

188. Thus, the PDR suggests that diabetics who decide to use glucosamine supplements will 

need to monitor their blood sugar and may need to adjust the dosage of the medications they t&e 



c,. to control blood, glucose k&is,, & The PDR also states that chitosan supple&en&ion may 

&cm t& absorption of chondroitinsulfktes if taken concurrently; .&& at 95. ” 

D. Potentiul effect of the use of the proposed claims ou food cousumptio+ &wludiug 
” siguifica@ alterations iu eatiug h+&s and co~espwdiug~ehauges iu nutrieut 

Makes ‘. 

The proposed claims may, &crease use of oral glucosamine aud chondroitin sulfite I: 

,:supplements among the general population, including populationsat risk of osteoa;thritis. ‘&e 
: 

Petitioner does not anticipate substantial dietary changes in the generd population but does 

expect there to be sotie increase in consumer preferences for g@wmine and chondroitin ( 

sulfate-containing supplements. The effect on such people is expected to be beneficial, reducing 

the risk: of osteoarthriti$ of osteoarthritis-related joint pain, tenderness and sweNng; and ofjoint 

degeneration and cartilage deterioration. . . 
a E. Prevalence of the disease or health-related condition iu the U.S. population au4 the 

relevance of the claims in the context of the total daily diet. 

As discussed above, the proposed health claims respond to a major public health concern 

in the United States: osteoarthritis; osteoarthritis-related joint pain, tenderness and swelling; and 

joint degeneration and cartilage deterioration. Osteoarthritis is one of the most frequent causes 

of physical disability among adults, tiecting more than 20 million Americans. National 

Institute of Arthritis and Musculoskeletal and Skin Diseases; National Institutes of Heal& 

Handout on Health: Osteoarthritis, (attached as Exhibit 2). Xt is the most connnon form of 

arthritis. Id. Before age 45, osteoarthritis occurs more frequently in males. After age 45, 

osteoarthritis occurs more tiequently in females. Id. By 2030,20 percent of Americaus-about 

70 million people-&l1 have passed their 65* birthday and will be at risk for osteoarthritis. Id. 

The ;presence of glucosamine and chondroitin sulfate in the cartilage of fish and animals 

0 has not been measured as a part of the-daily diet. Supplementation is the most effective method 
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a’ 
tij achieve the levels of glucosamine and chondroitin su$te in order to have nutritive effect. As 

fie attached scieatific report indicatesj the’reliable and credibte scientific literxnure in&-s that 
. . 

. daily dietary supp’emenfaf’on vrlith 1500 mg of D-gluco& *f@e is effective in re&cing & 

risk.of;and jOint pai% tend7 a@ swelling associatedwith, ~ste~artMtis when taken done, ‘. .’ ‘_ . 

_I.’ ad ~000’ mg ? @y when combinedwith chondroitin sulfke. a at 21. The rxliable and 1’ 
‘. 

credible scientif& literature ‘indhtes that daily dietary supplementation with 1200 mg of 

&o&&in s&Se, consume alone or with~glucosmine is effdve in reducing the risk of 

osteoarthritis and ofjoint pak tenderness, and swelling associated with osteoarthritis. ]~d. Thus, 

both substances offer a safe, ,hexpensive, and readily accessible means for reducing 8&e risk: of : 

osteoarthritis; osteoarthritis-related joint pain, tenderness,. and swelliig; and j&t degeneration 

& &rtilage deterioration. : 

a IV. ~~&ticsf Method 

The amount of glucosamine contained in a dietary supplement that may be a candidate 

for bearing the health claims can be ascertained by High-Petiormance Liquid Chrom&qgraphy 

(HPLC) according to the Petitioner, Weider Nutrition International, the Institute for 

~~eutical Advancement, and the Universiti of Alberta, Edmonton, Alberta, Canada, as wall 

as by Glucosamine Rapid Assay, according to the Departme@ of Microbiology and 

&muno@y, University of British Columbia. &J Exh. 5. The amount of chondroitin suifate 

contained in a,dietary supplement that may be a candidate for bearing the health claims can be 

ascertained by the Cetylpyridinium Chloride (CPC) Titration Method according to the Petitioner 

and the Institute for Nutraceutical Advancement. & Exh. 6. 

V. pronosed Model Claims ’ 

Petitioner proposes the follow model claims for glucosamine and chondroit,in sulfate: 
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‘, 

Ghcosamine~ may reduce tipe risk of osteoarthriti+ 

Chondroitin sulfate may reduce the risk of o&oarthritis. 

Gluesgamine and chondroitin sulfate may reduce the &k of osteoatihritis. 

Giucasamine may reduce the risk of osteoarthriti-related joint pain, tendernag and 
qwellingi . . 

Chondraitin sulfate. may reduce the risk of osteoartMtis-related joint paiu, 
tenderneSS and ~rwelling, 

Glucosamine and chondroitin sulfate. may reduce the risk of ost&oarthritis-r&ted 
joint paiu, teqderness and swelling. 

GIucosamin~~may.reduce4be risk of joint degeneration. 

Choudroitin sulfate may reauce the risk of joint degeneration. 
.’ 

Glucosamine and chondroitin sulfate may reciuce the risk of joint degeneration. 

Glucosamine may reduce the risk of cartilage deterioration. 

Cbondroitin suIfate may reduce the risk of cartilage deterioration. 

Glucssamine and chondroitin s&ate may reduce the risk of cartilage deterioration. 

Multiple sttidks have shown that oral supplementatiun with glucosamine and chondroitin 

sulfate sign%ca&y reduces the risk of osteoarth.riti$; osteoazthritis-related pain, tenderness, and 

sw&ng; joint degeneration; and cartilage detqioration. Moreover, clinical trials have proven 

tie safety of those substances for the,,general population. 

VI. e 

&ached are copies of the scie&ific studies and other information refer&xxxi in, and 

constituting :the basis for, this petition. To the, best of the Pqtitioner’s knowledge, all non&clinical 

studies relied upon were conducted in com$ance with the good laboratory practices regulations 

set forth in 21 C.F.R. Part 58, and all clinical or other human investi&ions relied upon were 

0 either conducted in accordance with the requirements for institutional retiew set forth at 2 1. _ 
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a .C.F.R part 56 or were not subject to such rtxpbma ts in acxoTdBtlce with 21 C.F.R $56.104 or 
. 

56.105, and were conducted in conformance with the requirements for informed consent set forth I 

in 21 C.F.R 0 50 eq seQ See genera&, 21 C.F.R 0 101.7 (c)-(d). 

VII. Enviranm;en~ Imwwt 

The quested health claim approvals sought in this petition are categorically excluded 
‘. 

from the envitmmntal impact statement requirements under 21 C.F.R 8 25.24. 

m. ~~m$~sioa and Certifichm 

For the foregoing reasons, the Petitioner requests that the n)A approve the proposed 

health &ims. The Petitioner looks forward to working with the FDA in promulgating a 

regulation at&o&g the use of dietary supplement heahh claims concerning the association 

b&ween glucf3samine and chondroitin sulfate and the risk of osteoarthritis; of osteoarthritis- 

0 
related pain, tenderness, and swelling; and of joint degeneration and &rtilagtz deterioration, 

Any questions concerning this Petition may be directed to Jonathan W. Ernord, Rw. or to 

Chmdia A. Lewis-Eng, Esq., Emord & Associates, P.C., 5282 Lyngate Court, Burke, VA 22015 

(202) 466-6937. 

‘Ihe undersigned certify on behalf of the Petitioner that to the best of Petitioner’s 

knowledge and belief, the Petition includes all information and views on which the Petitioner 

relies and is a representative and balanced submission that includes unfavorable information as 
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0. 
tie11 advomble *eation known by the Petitioner h & per&tent to ewlu&o~ of& 

proposedjm&h&ims. ” . . - . . 
: ‘. 

Andrei G. Feiienz 
Jonathan R Goodman 
Ka* EL Bahdord 

2 ,, 
c0uIlse1to . 

Weider Nutrition hernationai~&~c. 

8’ 
Bmord $ Associates, P.C. ~ 
5282~Lyhgate cow 
Burke, VA 22015 
P: ,(202) 466-6937 : : 
F: (202) 466-4938 
Email: jemord@emord.com; Chis-en&emord.~m 
Date su@nitted: May 29,2003 , 
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e. Based on my revifw of thereliable and credible scientific krature regard&g articulgu 
&lapbiocbmisby and physiology, &u-tilage degeneradon, degenerative joint diwase 
g& ~qtfioarthriti, I ,wnclude that therels significant scientiBc agreement in support of, 
&e @bviIlg health&&ns: 

. 

0 Gluqamine may reducethe risk of osteoarthritis. 

. . 

0 

0 

0 

0 

0 

0 

.‘ : 

Chondroitin sulfate may reduce the risk of 0steoarthMs. 
. . 

Gluoosaniine and chondroitin sulfate may reduce the risk of osteoarthritis; 1 

Gluccwunine may reduce the risk of osteoarthritisl joint pai& tenderness 
andswelling. 

Chondroitin sulfate may reduce the risk of osteoar&ritis-related joint pain, 
tenderness and swelling. ‘. 

Gluoosdne and chondroitinsulfate may reduce the,risk of osteoarthritis-related 
joint pain, tenderness and swelling. 

Glucosamine may reduce the risk ofjo,mt degeneration. 

Chondroitin sulfate may reduce the risk of joint degeneration. 

Glucosamine and chondroitin su&te may reduwthe risk of joint’degeneratioq. 

Glucosamine may reduce the risk of cartilage deterioration. 

Chondroitin sulfate may reduce the risk of cartilage deterioration. 

Glucosamine and chondroitin sulfate may reduce the risk of cartilage 
&terior&n. 

Composition and Phvsiolorjc Functions of Articuiar Cartilave Andy the Bio&er&al 
and Physiologic Roles of D-Glucosamine and Chondroitin SuEfate 

cartilage is composed of a complex ex&cellular matrix of collagen Fd elastic fibers 
within a hytiated gel of glycosanmroglycans and proteoglycans. This specialized 
network is stabilized by means of intermolecular and intramolecular cross-links that 
harness the swellirig pressure exerted by the high conqemration of negatively chatged 
aggregate&f This, BcCOwtS for more th& 98% of the art+xk cartilage v&me; cd* 
components GOnStitute the remaining 2%. The interaction of these matrix components 
imparts the characWistic biome&ani&l properties of fiexibility and resistance to 
compression The collagen component of the cartilage matrix is relatively inert, but the 
other constituents, such as proteoglycans, undergo a distmct turnover process during 



III) 
whioh the catabolism’and removal of mpldH fionl die #3lcwc&& ma$rix~b:in 
b&mce with the iynthesis and deposition of now molecules? . . . ’ 
pr0te0glycans are large macromoleeulescon&ing of multiple chains of : 
g&muninoglyca disaccharides and .oligosaccharides attached to a central protein core 
&at provide a framework for collagen and also bmd water and cations, form&&vi&+, 

,, - el@c layer that lubricates and proteti ‘the cartilage tissue; The presen& of.&ese : , 
’ negatively Ch@gd aggregates imparts to the matrix ofar+Aar Wrtilago its strong ’ 

.,&$ii~ for water d th an is e,most sign&ant contributor to the biomechar&al properties ’ 
of cartilage. The glyCosami.noglycans most common in human oonnective tissuein&& 
&e &,tw&arides keratan sulfate, dermatan suEate, heparin sulfate’and chondroitin &#e 
and the oligosacqharide, hyshuonan. They consist of ammo sugars, which are rep&i@ 
diwharide units’composed of a hexuromc aoid (Dglucuronic acid, idwonic acid, or L- 
gdztctcse) and,a hexosamine (Dglucosamine or D-galactosamine)?p~ 

The main diswharide units of cartilage glycosaminoglycans are formed ‘by the (1~3) 1 
linkage of D~ghCW’onk ‘acid to .!V-aoety@ lucosamine; disacohar& units are linked by 
@ (la) gaia@ode links. flhe’D@iactosamhe residues are sulfated .either in position 
4 (as in <;hondroitin4-sulfate) or 6 (as in chondroitin&ul&e). The sulfate groups, 
together with the carho@ groups of D-glucuronic acid are ion&+ at tissue pH, 
conferring to the chain a strong global electronegative charge.“” inadequate stdf& 
availability resulting 4n the production of undersulfated proteoglycans’ till reduce their 
electronegative charge and water ‘carrying capacity.11’r2 

&c~samine (&nnino-2;deoxyglucose), is an aminomonosac&aride that seives 
as a substrate.for the biosynthesis of chondroitin sulfate, byaluro~ and other 
mammo!ecules located in the extracellular cartilage matrix. The conversion of L- 
glutamine and D-fructose-6-P to L-glutamate and D-gluco ‘samine by L-gUsmine-D- 
~ctose-6;~rmidotransferase (EC. 2.6.1 J6) is the rate-hmiting step in proteoglyoan 
synthesis. This reaction may be bypassed if D-glucoaamine is available within the 
cell Ofi0plasm. raJ7 Whatever its source, Dglucosamine is .phosphorylated and the 
resulting D-glucosamine-6-P is acetylated to IV-acetyl- DLglucoSamine, thti common 
precursor foi6th; biosynthesis of ken&an sulfate, dermatan sulfate? chondroitin sulf&e and 
hyaluronan. ’ 

Chondroitin sulfa is a glycosaminoglycan that is polymerized into long, unbrancbed 
polysa&aride chains in which some of the constituent chondroitin moieties (composed 
of D-glucuronic acid and N-ace@- D-glucosamine) are sulfated.” Close control of 
chondroitin sulfate synthesis determines chain length, disaccharide coniposition and 
degree of sulfationi9$ich VW with anatomic location, stage of development adage and’ 
are hetemgeneo~. * For examplq’the sulfation pattern of chondroitin d&accharid~ in 
normal humsn art@ular cartilage varies. The deeper layers of immature cartilage’ contain 
4 times more sulfated residues than the upper regions of the immature tissue contaifl @s a 
result of polysulfa’tion of some chondroitin residues in the extra&Mar xnatrix of the 
d&per re&nS).1g-21 All: regions of the extracellular matrix of immature articular 
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‘, 
a cartiktge contain a smaller ratio of chondroi@r+ulfate to ~chondro+.&u&te tban ib 

typical of the extmcellular matrix of &&ular cartilage in adult~.~~~ ,,. .: : 

Ghondroitin sulfate polymers are secre@‘into the extracellular matrix covaleniy bound’ 
to proteins, foiming protein-polysaccharide complexes called prcteoglycans. Jn a 
+%e~giy&%Q, about 100 chondrqitin yifhte chains, each containing $0 to 60 &g&i&& 
units of chor%iroitin sulfate, are .eovalently attached to a polypeptide back&one composed 
of over 2,000 sunin acids (the serine&h core protein-with a molecular weight of ,’ T 
250,000 to 300,000 daltons). This cowlent O-b&age Occbrs b&w-n a Qx&& .p : :: 
xylose or D-g&actoseresidue that had been added to the polysaccharide c&in a& a 1’ 
se&e or threcmne residue on the core protein, with one &or&&in su&te cm per 20 _. 
or so amino acid residues. The total molecular weight of m individual protgqgiy~- 
motiomer is 1 j500,OOO to 2,500,OOO da.ltons.5 

me end of the c&e protein of a proteoglycan is nhxovabtly linked to a ~OIQ. 
poiysaccharide filament of hyaluronan through a ii& protein, the connection is achieved:’ 
by a globular region of the iink protein that surrounds the .&rminal portiq~ ofthe corn 
protein and a stretch of 5 disaccharide units along the length of the hyaluronan chain.“?e . 
There are two. structuraliy related N-terminal globular domains, Gl and (32, ofwhich 
only Gl (and not G2) is involved in the aggregation of proteoglycans with hy~uronan. 
me interglobtiar domain joining 61 and G2 contains prote+-sensitive sequences 
which appearto be the’key sitesfor cleavage duringaggrecan turnovez5 Appyi.m&Q 
100 core proteins are bound to an individual hyaluronan chain, at regular intervals of 300 
A, forming a unit of aggMan, the large molecular mass proteoglycan-hyalurorian 
aggregate predominant within the extracehular matrix of articular cartilage. :’ 

‘JJw liydriqdflamic properties of this aggregate determine the load-bearing capacity of 
artic~$ar tissue. As the electronegative charges of aggrecan draw water into the tissue, a 
large osmotic swelling pressure is created that swells and expands the extracellular 
matrix. This pressure produces tension within the interlacing collagen network ofthe 
matrix; balance is achieved when tension in the collagen network prevents further entry 
of water. Articular cartilage tissue swollen with water expresses substantial compressive 
resilience and offers considerable resistance to fluid flow and redistribution of water. 
Fully, hydrated articuiar cartilage tissue behaves as a stifY elastic polymer when ex.poS;ed 
to sudden impact loading, with pressure-induced displacement of water from the rnat@x 
with little or no effect on matrix macromolecules (although sustained loads will prodtie 
slow inelastic dcfonnaton). Removal of loading allows re-entry of water and a return to 
the pr&)ading high-tension equilibrium condition.59’8”;“9 

Ape and: the Comiposition of Articular Cartilage 

In rabbits, feti thticuiar cartilage ‘is softer than is adult articular cartilage because fetal 
articuJar cartilage, contains a greater proportion of polysulfated chondr+tin sulfates and 
therefore its water binding capacity is greater” In rats, as age increases from birth to 
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. mtum~ adulthood, the extent to which nonosteoarthritic’aiticular Cartilage extracehular : 
ma& chondroitins are sulfated decreases significantly.31 ,If! dogs, increasing age 4 
~~pn.ied bysignificantly decreased chondroitin sulfate~and pmteoglycan content of 
tic&~ cartilage and reduced aggregabiity of the remain& p+eoglyclms?2 similarly, 
calfg&&3r cartilage proteoglycans are larger on average:th@ are proteoglycans in, 
~O~~SIXXM&%C iuhlt bovipe srticular cartilage (and contain larger chondroitin sulf&e 

~,“pOip~j.33 In addition to decreasing ahrage siq of matrix proteoglyoans and . ‘. , 
&O&.n$in po&mrs, the rttfio of chondroitin 6-sulfate to~chondroitin 4-sulfate in the 
~~lhthir matrix of articular cartilage imzeases with increa&ng age.% 

In lmnatm, inc~~bg age is accompanied by a decreasing proportion of chondroitin 
&fates in the extracellular matrix of nonosteoarthritic articular eartilage~s and iweases 
.h &e ratio of chondroitin 6-sulfate to chondroitin 4-su&tew? and in the free 

. . 
. @;lucosa&ne content of the tissw3* Furthermore, the average chondroitin sulfate content 

of individual articwlar cartilage proteoglycans decreases, impg the ability of. 
pijm~glycans to aggregate spontaneously with hyahuonan. In addition, the ability of 
prOteoglycans to aggregate spontaneously with hyaluronan is decreasedas a result ofan 
increased incidence of defect in the core protein of newly-synthesized proteoglycans.~ 
Consequently, the aggrecan coiitent of the extracellular matrix of articular cartilage in. 

I_ a&& is sigaificantly IOWW than that in Children. 40 

0 
in ?rormal but aged” human chondrocytes (mean age of donor: 68.8 -I-/- 4.2 years), basal 
(u&rwlated) synthesis of matrix-degrading stromelys&l and collagenase is 
si&fiaWly greater than in chondrocytes harvested from joints of “normal young adults” 
(mean age of donor: 28.6 +/- 7.1 years). Therefore; “aging” may sensitize chondrocytes 
to the eifects of accelerators of extracellular matrix degradation and may increase the 
requirent of chondrocytes for exogenous substrate to support the synthesis of new and 
replacement matrix macromolecules.41 

Precja jtfa timg Events Produciw Cartilage Degeneration and Mechanical Failure 

Osteoarthritis is a multifactorial, polygepic.disorder involving mechanical, biochemical; 
environmental, systemic and genetic factors that oontribute to imbalance between 
synthesis aud degradation of cartilage matrix.~~ Chronic imbalance in matrix 
mwromoleoule turnover producing net.loss of articular tissue is a required precursor to 
the development of osteoarthritis and joint pain. 

There sre numerous potential etiologic triggers that can initiate the progression of events 
cufminatinzs in tissue failure. For example, qu$riceps muscle weakness si.gnificantly 
h-s thy risk for o;~oarthritis in humans and laxity in a joint may precede failure 
of&e &lage matrix. Interstitial fluid pressurization during loading contributes more 
than 90% of load support, shielding the collagen-proteoglycan matrix from excessive 
stress and reducing fiiotion at the articular surfaces.46 A chronic imbalance of shock- 
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. ~ s o r l j i n g a n d ~ ~ i g h & & @ g  musc les  a ffec tin g  jo in t a h g n m ~ 4 7 ~  o r  o v e & a d @  & o m  
excess ive  ‘b o d y  @ g h t4 g  induces  a  m i ld ye t ch ron ic  m e tabo l i c  imba lanv  ,in  th e  a fIiec te d  
~ ~ (xl& car tiia g e . ._  : .)I’ 

” _ . 

w ’& xwver  m ~ h a n ical  stress  exceeds  th e  tissu e ’s l oadbea r i ng~ i ty~ ‘o h o n d q c y &  a n d  ; 
synov iocy te  sec re tio n  o f th e  cytok ines  in te r leuk in -1p  (IL + ) , in te r~euk in -6  (IL & ) a n d  
tu m o r  n e c tos i~  f& c & o  (TNF-u)  a n d  n i tric ox ide  @ IC I) is stim u la te d . T h o s e  @ @ ines  
a u to-s tim u la te  chond rocy te  a n d  synov iocy te  sec re tio n  o f m a t& q  m e ta l lop ro te inases  I 
( co l l age&, & $ @ n w e ,’ a g g n m m s e , e las ta s e , a n d  fib ronec tin - d e g r a d i n g  stro m e lys in-1)  ‘. ‘I 
m d  inh ib i t chond rocy te  syn thes is  o f car tilage -spec i fic p ro teog l ycans  a n d  typ a  II & l l agen . 
I& Z  resu l tin g  imba lance  b e e e e n  synthes is  ,a n d  d e g r a d a tio n  o f ex trace l lu l la t m a trix : 
c o m p o n e n ts rpd t~  in  a  n e t decv , in  m a trix c o n te n t o f a g g r e c a n , typ e  II co l l agen  a n d ,, 
o & k  g & fix r@ cromolecu les .4 ? ~  ‘. 

a -1  p , a -6 , Tl’?F -o  a n d  n i tric ox ide  a lso  stim u la te  th e  c lona l  expans ion  o f chond rocy tes  
w h o s e  d a u g h te r ,~ e lls m a y  exp ressa  + fe t@ ‘$  d i ffe r e n tia tio n ~ p a tte rn  du r i ng  ear ly  m e tabo l i@  
imba lance  in  art icula.~ car tikg e ’” a n d  p r o d u c e  in fer io r  repa i r  m a trix p r o n e  to  fib r i l l a~on  
a n d  mechan i ca l  fa i lu re .4 *‘a  S p o n ta n e o u s  repa i r  m a trix p r o d u c e d  in  ear ly  a s y m p to m a k  
subc l in ica l  os te o a r thrit ic c h a u g e  exh ib i ts,a  h e te r o g e n e o u s  compos i tio n  m o r e  c losely  
resemb l ing  th a t ? f fib rous  car t& & e ,%  w ith  iu fe io r  b i omeehan i ca l  c o m p e te n c e n P  
resu l tin g  in  fu M iona l’i n c o m p e te n c e  a n d  per ishab i l i ty.* In  a d d i tio n , th e  a b n o r m a l  : 
n e w ly-synthes ized m a trix m a y  b e  fib ronec tiu d e ficie n t o r  m a y  u n d e r g o  acce le ra te d  
hydro lys is  o f fib r onec tin  by  stro m e lys in~J, in  e i the r  case  $k tu rb ing  chond rocy te  
a n c h a r a g e  to  th e  ex trace l lu la r  m a trix (‘k u c h o r a g e  d e p e n d k n c e ”) a n d  induc in  

V fO  a n d  hypoce l lu la r i ty ( chondrocy te  surv ival  requ i res  a tta & n e n t lo  subs tra te ) .’ 
p tos ie , 

’ 

In  ear ly  a s y m p to m a tic subc l in ica l  os te o a r thrit ic c h a n g e  in  h u m a n s , reac tive  pro l ik ra tio n  
o f ex trace l l tila r  a r ticuk  & l a & e  m a trix resu l ts in  th e ”p roduc tio n  o f abno rma l l y  l a rge  a n d  
m o r e  ex teus ive ly  su l fa te d  chond ro i tin  su l fa te  po l ymers  a n d  s i gn i&an tly d e c r e a s e d  to ta l  
g l ycosaminog iycm c o n te n t (sim i lar  to  th e  m a trix o f n o n o s te o a r thrit ic h u m a n  a r ticu la r  
car tila g e  a fte r  pa r tia l  enzyka tic. hydro lys is?  a n d  s ign i fica n tly d e c r e a s e d  p ropo r tio n  o f 
p ro teog l ycans  o f n o n o s te o a r thrit ic m o lecu lar  s izes.5’d o  O veral l ,  th e r e  is a  s ign i fica n tly 
i nc reased  p ropo r tio n  o f n o n a g g k g a te d  p ro teog l ycans , s igu i fka n tly d e c r e a s e d  a v e r a g e , 
s ize o f p ro teog l yean  a g g r e g a tes  (agg recan )  a n d  i nco rpo r& tio n  o f s ign i fic& ly smal le r -  
than -no rma l - fo r r age  chond ro i tin  su l fa te  cha ins  in to  n e w ly-synthes ized p ro teog l ycans , 
s ign i fica n tly d e c r e a s e d  to ta l  chond ro i tin  su l fa te  c o n te n t ( a n d  th e r e fo re  d e c r e a s e d  w a te r  
b id ing  ca  / ity), a n d  a  s ign i fica n tly l ower  ra tio  o f chond ro i tin  6~su l fa te  to  chond ro i tin  
4 -su l fa te . ’ p ”” & ‘a  B o th  th e  abno rma l l y  smal l  p ro teog l yeans  a n d  th e  abnoqna l l y  l a rge  
p ro t.eog l y r canS  a re  u n a b l e  to  a g g r e g a te  w ith  h y a l u r o n a n  to  fo r m  a g g r e c a n a  In  a d d i tio n , 
os te o a r tl~ tic h u m a n  a r ticu la r  car tila g e  exh ib i ts i nc reased  synthes is  o f m o r e ’read i ly  
hy l ro lyza~ ie  (easi ly  d k g r a d a ~ e )  d h g e n s .6 s ~  

~ ,n  cd  cd- , h u m a n  t& t icdar  chond rocy tes  ha rves te d  fro m  os te o a r thrit is jo in t c a r & g e . 
p r o d u c e d  p m teog l ycans  th a t d i ffe r e d  fro m  th o s e  p r o d u c e d  by  h u m a n  a r ticu la r  
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&diocytes harvested hm nonosteddgc joint &e.67 ==TQm4lY- 

. 

e resembledl “fd-type” proteogly&~ @h increased chondroitin 4-sulfate content and an .’ 
3ruirqed percentaBe ofd~rproteoglycaas than ii typiqal of the proteogly~an~ ,’ 
produced by &ondrocytes harvested by nonosteoartbritic human articular car&e;? 
mti synthesis oftenl pci rail y inappropriateproteoglycans iqccompanied‘by a.. ,. 
significantly acCelerated rate of degradation of older, more t&&al-for-age , 

’ .$roteo$l yGm*” 
. . 1 ~[n a rat model of the initiation of osteoartlmtic Ghange, inureased me&&al stress on . ’ ” 

&C&U aut$age increases the rqti~ of chondroitin ,6-sulfate @  chondroiti 4-sulfate in 1 
&e e~liufar matrix.?g Mechanical compression of ar&ulareartilage stimulates 
intrachondr~ytic cycle-oxygenase activity, resulting in i&r+ production of PGI$, an 
inducer of inducible NO synthase-2 (340s) activity; consequently, intrachondro+ Nb 
production is increased in proportion to the magnitude of compression and inq+asii 
local CoIlllpression increases the recruitment of impression-responsive NO-prodwing 
&C&V ohondn@tes.7’ NO stimulates chondr 
metal10 rOtBill@% YP ‘n nascegt (inacthe) E~lf3,~ 

‘c synthesis of mat&c 

% 
‘aud iW&ukin-l-&~erting enzyme . 

(ICE): ICE activates nascent inactive IL-1 py5 Activated 51 p inhibits chondroq$i~ 
synthesis of ~proteoglycans~‘74 .and ~ollagen~~‘~ and stimulates chondrocytic synthesis of 
stromel y&r-1P’ collagenase4’ and a presumptive Qgrecanase enzyme that ‘cleaves 
aggrecanav As osteoarthritic change, progressqs, IL-lp also stimulates increased NO 

e, * production; ‘MU NO fbther stimulates chondrocytic synthesis of matrix 
metalloproteinases 72 and accelerates the progression of osteoarthritis tbr~gh the 
establishment of a cooperative positive feedback cyele.8t’as In ,addition, chondrocytes . 
wetiekl ffom osteoarthiitic human articular cartilage synthes@e growth-related 
oncogene-a (GR0-o) in response to IL-1 P; GR0-o stimulates degradation of fibronectin 
by stromelysin-1 , ,produqing anoikis (cell death resulting fkom loss of normal cell- 
substratum contccct).W 

Chondrocytes harvested f&m osteoarthritic human joints exhibit a reduced anabolic 
response to insulin-like growth .factor- 1 (IGF- 1) (“IGF resistau~“~~~5) and may have 
r&c& ability to transport glucose from the extracellularfluid into the cell for 
glyc0samino&~ synthesis.” Therefore, osteoarthritic chondrocytes may have an 
increased requirement for glucosamine of extracellular origir~~~~‘* In addition, IGP-1 
stimulates net synthesis of proteoglycans able to form aggrecan by nonosteoarthritic adult 
bee a&x&~ chondrocytes incell ~ulture.~ “IGF resistance” may contribute to the 
etiology of ,osteoarthritis by down-regulating the prod&ion ofreplacement aggrecan. 

Oxidative stress also may impair the synthesis of ma& macromolecules by articular 
chondro@e% Inhibition of chondrocyte y-glutamyl-cyqteine synthetase results in 
reduced intraehondrocytic’glutathione concentration and decreased incorporation of 
sulfate into, newl~+nthesized proteoglycans and of proline iuto newly-synthesized 
collagen.g1 



- ~hranic Dekneration of the ExtrackW@r Matrix of Artietiiar Cm-tila~ b p .b 
Rea&d ~dCUI't3Ok' t0 ~steoart&%s ,’ 

Changes hi the macromolecular composition of the extra&Mar matrix of artk&r~ 
. c&lag? are ~bW&ti~ of c@iwlly apparent osteowtlkitis. The ratio. qf cho&i~ 
6-suEge to chondroitin4=sul@e in the extracellular matrhc of the articular ktilage of 
~~t&i&ritic mice is-significantly greater than the ratio in the extra&Mar matrix of . 
a&ular cattila&e in age-matched nonosteoartluitic mice.” OsteoarMti~ rat ar;ticalst. :: 
c&j&e, cornpared to nonosteoarthritic articular cartilage, exhibits significantly 
&creased to@  pn>teog@XU, chondroitin b&ate and chondoitin 6-sulfate umte~& a@i 
sign&antly increased stromelysin-I (fibronectin-degrading) a&ity.g3~ In addition, the 

‘@centage of apoptotic chondrocytes in the tissue is sign&a&y increased.93 
proteoglycarrs in 0Steoarthrt.i~ adult bovine articular cartilage Blfe larger than normal 
adult,bovine articular cartilage proteoglycans (with larger &ondroitin sulfate polymers) 
and closely resemble proteoglycans found in the attic&r ktiiagematrix of calvesf 
O*ozuthritiC equine artkular cartilage contains a sign&antly increased proportion of 
~&tted disaccharides~snd a signifkantly decreased proportion of chondmitb 6- 
sulfate.” The articuiar c@hg$ of Cynomolgus macaque monkeys with arthritis @ ribits 
increased production of abnormal chondroitin sulf polymezs.p5 

b degeneratiye johlt disease ii dogs, affected articular cartilage contains significant& 
increased amounts of newly-synthesized large chondroitin sulfkte-rich md glueosamine- 

r roteoglycans typical of those produced by immature canine ~&~~~dYggya$&~ As cartilage degeneration progresses; affected canine articulk 
cartilage exhibits significantly increased production of abnormal chondroitin sulfate- 
con@ining polyniers, signifkantly increased water contpynt, significantly increased 
prot&glgrc~ content, significantiy increased percentage .of smaller proteoglycans and 
significantly decreased percentage of chondroitin sulfate in proteoglyoanas’~~ Some 
new& synthesized pioteoglycans are abnormally large (~ntaining abnormally long t 
chondroiti sulfate chains) and a second population of proteoglycans are abnormally 
small; both have lost the abilityto aggregate spontaneous~~with hyalurom 
compromising the hydrodynamic properties of the tissue, 

pathologic changes in cartilage matrix composition and organization alter the afEnity of 
the matrix for water and produce excessive cartilage deformation under 10ading.r~~~‘~~ 
men chronic, excessive tissue deformation induces tive structural and 

45 L com~sitional changes that confer increased stifiess inthe tissue, mcreasing its 
vulnerability to the compressive, tensile and shear forces that occur during normal ,iomt 
function.‘* Grossly apparent cartiiage erosion does not appear until the tissue has lost 
considerable stif’%ess and is undergo&g progressive me&a&al faiiure.45 
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As a result of the ChtU@S OCCWiIlg in ariicular cartil;a&e, ,&mtiy bransmitted I 
a mec&nltxi &IWS produces microftactunes within the tissue matrix that in turn inqease 

the stresses dn SurrouILding tisye and induce increased chondrocyte secretion of ‘* . 
metalloproteinases. “03’ The subsequent enzymatic tissue d-on potent&es local 
tissue stress and initiates a positive feedback loop. Incre+sed loading on’ subqhondral 
hone stimuli~ the attempt to reduce mechanical stress by increasing joint su&k ajtea 

s , s though the production of bone spurs (osteophytes) at thejoint margins (which confer the 
&ml ,jmny enlargement that ‘is characteristic of chronic~os&xMhritis)teoaabritis).faj ‘. 

The Culmination o$ Matrix IIeeenkaticm in. Osteoa&&t& 

in the US, the incidence of at least one joint with osteoarthritis among those aged 15 to 
40 years is about 5%; this increases to over 60% among those over 65 years old.rW 
Overall, the &mvalence of at least mildly symptomatic o&Wrtbritis in at least one joint is 
about 30%. r Symptomatic osteoarth@is of the knee o~urs in about 6% of US’adults j i 
aged. 30 years and 01der,‘~ although radiogiaphic changes of the femorotibial 
compartmellt occur in 5% to 15% of people aged 35 to 74’years?’ 

Clinical osteoarthritis (also known as degenerative joint disease) is characterized by ,focal 
10s of cartilage and hypertro@ic bone ~purs.“~~ Although the term osteoarthritis refers 
to&e overgrowth of bone at themargins and subchondml areas of the joint, and despite 
the eventual bony involvement in later stages of the disease, osteoarthritis is marked by 
net loss of cartilage &sue. Initial loss of articular cartilage tissue is mild but may 
progress to Ml thickueas erosions and eventual bone-to-bone contact (loss of all joint, 
qme), Narrotig of the joint space, may reflect other degenerative changes in addition 
to &c&ii cartilage erosion; lo8 as cartilage degeneration progresses, subchondral bone 
den&y and volume increase (consistent with increased transmission of load bearing into 
the subchondral bom$Og 

The p&wry complaint in’osteoarthritis is pain, particularly upon use of the afE&d 
joint. lo3 Pain can be accompanied by vafjring degrees of joint stiffness, limitation of 
moyrement, tenderness and swelling at the joint margins and loss of function. 
osteoa&ritis often is asymmetric. There are no systemic symptoms outside the affected 
joini.‘” 

Possible causes of pain in human osteoarthritis include osteophyte growth with stretching 
of the periosteum, increased intraosseous pressurr? miW&xtures, ligament damage, . 
capsular terision, meniscal injury and synovitis. Radiologically measured decrease in 
joint space is significantly correlated v$h increase in pain severity, although the ~liical 

utility of pain assessment as an estimator of j&nt dethxation is under debate.“’ 
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p(;lucosa~ine: There tip 3 forpls of &mmmcidl~avdable D&Eo~: D- 1 
:. glucosamine (MW: 179), .D-glucosamiue+KX (MW: 270) and D-gluco&e’ sulfate (a . 

&dvati~e of the naturally occurring cartilage extrace@iar matrix constituerk~ 
aminomonosaccharide ~glucosamine;“2 MW., 456). &cause of the diffusing 

,molecuhu size, 1500 rng of D-glucosamine-HCl provides & ‘much D-glucosarnine as is :. 
prwided by 2400 rng of D-glucosarniue sulfate or lO4O.,rng of D-glucosamine. A daily .I 
&al& of l<QO mg of D-glucosamiue sul$te’is equivaleut to a daily intake of between 15 
and 30 XII/~% body weight. 

In studies in rats, 9O%to 95% of ingested ~glucosamine sulfate was absorbed intact into 
the blood and about 30% of newly absorbed Dglucosamiue su&te was irxorporated in$o 
ilew!y synthesized proteoglycans iu articulak cartilage tiss~~~*l~~~~ In studies in 
hwnans, cdnSUnlpt.iOn of 3 14 mg of crystahine D-ghrcosarnine sulfate was followed by 
the &~pti~n of about 28q rug (about 90%) intact into the bloodstream, about 50% of 
th& qmount @bout 140 mg) survivexl hepatie first-pass extraction @act.115 When the 
~~urnption of 1884 mg occurred as one bobrs or in three divided intakes of 626 mg 
evee 4 hour& there WAS no diffkex~ in’total D-glucosarnine tide bioavailability to 
systerpic tissues (about 40% t#O% of the amount ingested). other investigators have 
rqmtecl that over 90% of ingested Dglucosamine sulfkte was absorbed +act into the 
hm enterohepatic cir~uktion.“~‘“’ One investigatorreported that about 75% of 

0 
ingested D-glucosamine sulfate w& bioavailable to body tissues following hepatic@st- 
pws extraction.“’ 

In hc&h,y subjects, ingestion of D-ghtcosamine suhkte was followed: by increased serum 
sulfate ccnccntration. In contrast, ingestion ‘of sodium s&f- did not effect serum s&te 
concentration, SUggeSkg,that dietary. supplementation with D-glucosamine sulfate might 
provide D-glucosamine, free sulfate and D~gh.Icosamine sulfate for proteoglycau 
synthesis.lls : 

0’ 
6 

Chondroitin sulfate: In dogs, rats, mice and rabbits, about 0% to 15% of an ingested mix 
of chondroitin sulfates was absorbed intact.42Y11g~124 In these species, absorption favors 
&ondrc&in subte polymers with mokcu.hir weights <14,000 dakons.120 In all spe&s 
studied, soqe inorganic S04-2 also was absorbed following cleavage of SQW2 from the 
chondroitiu sulfate polymers by sulfatases.42’1,1~124 

in humans, between 0% and 15% of an oral bolus of chondroitin sulfates is absorbed 
intact into the blood.‘*lB In addition, auother 10% to 20% is absorbed following 
hydrolysis to smaller polymers (<sOoO~d&ons) prior to absorption.12*‘*2g However,.the 
biological activity of these sn&er polymers &s been questioned.” The absorption of 
choudroitin sulfates probably is not nil; the consumption of either 800 mg or 3000 n$g of 

e 

n$& chondroitin sulfates significantly increased plasma chondroitin sulfate 
concentration 3 hours after ingestion 130J31 and the consumption of 800 rng daily for 5 
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mean of 1.80 m@mL, suggesting that the systemic bioavailabii of in&et,&ondro& ..’ 
~sulfates in humans is about 12% ofthe amount ingested? 

Biochernkd *and Phvsioltkic Roles of M2ncosamine in the Preservatb~ if. 
,I’ Articulsr Chtike 

b a&u,res afchondrocytes harvested fkomnonosteoarthritic rat articular cartilage; II,+ ‘. 
inhibits the expression of III%-gl~ronosyltransf~ I mRNA, resulting in decxea& 

:, synthesis of proteoglycans and their pre~ursors.‘~~~~” Cc&~er&ly, IL- 113 stimulateg 
ht~-&oxxirocflc production of& catabolism-inducing‘fwrs, NCJ and PC?‘&, resu&g 
in irmeasd expression of mRNA coding for the extracelhrlar fibroneotin degrading 
met,alloproteinase4XIZyme, stromelysm-1 .132 The additioh Of D-gkxkkine tothe 
&ure me&~ prevented IL-l@duced ixibibition of the expression of UDPL 
glucuronosyltransferase I mRNA1~‘rsa and of proteoglyoan ~ynthesis,‘~~~‘~ as well as 
a-1 p-induced activation of pro-apoptotic nuclear factor KIT (NF-KB).“~ The addition of 
D-glucosamine-HCI‘to the cuhummedium of nonosteoarthritic ec@e articukr cartilage 
explants in organ culture preve&ecl IL-lj34nduced increases in the activities of 
stromelysin-I, collagenase and gelatinase and bacterial lipopolysaoeharide (I,PS)- and II,,- 
1 l&induced increases @ the prqduction of NO and PGQ and the degradation of 
extraeellullar matrix proteogiy+IB.‘~137 Similarly, crystalline D-glueosamine sulfate 
added to the Cuhom media of chondrocytes harvested fkom osteoarthritic hum& articular 
cartilage inhibited the i&erent13s’wg and IL-1 J3-induced~2’1~ catabolic &vi@ of 
metalloproteases secreted by the chondrocytes and stimulated the synthesis of 
physiologioahy-relevant proteoglycans with chemical cl$racteristics of proteoglycans 
synthesimd by chondrocytes harvested fiarn nonosteoartbritie human articular 
cartilage. 13%14o By unknown but presumably similar mechani&s, dietary 
~uppkxnentation tit) D-glucosamine sulfate (50 mg/kg body weight daily) konferred to 
rats resistance to kaolin-and tijuvant-induced tibio-tarsal ar&riti~.*~l ‘. 

Both D-glucosamine-HCl and D-glucosamine sulfate added to the culture medium of 
nonospirthdtiC .mt femoral articular cartilage explants in organ culture ~gilificantly 
increased the rates of collagen and proteoglycan synthesis and partially prevented 
nonsteroidal an*-inflammatory drug- (INSAID)-induced,inhibition of proteoglyoan 
synthesis.‘4 Similarly, crystalline Dglucosamine sulfate stimulated the production of 
proteoglycans k% chondrocytes harvested from nonosteoarthritic human articular cartilage 
in cell cultuq When added to the culture media ofchondrocytes harvested from 
o~~a,rt&-iti~ human articular cartilage, in which adhesion of chkirocytes to fibronectin 
and overall protein synthesis are significantly inhibited while exlxaoellular collagenase 
activity is significantly increased, D-glueosamine restored the adhesive pro *es of $he 
chondrocytes, 143 significantly reduced extraeellular cxWgenase activity1 P and 
sig&icantly ,ied the rate of protein synthesis. *as ‘Osteoarthritis articular Cartilage 
tissue samples harvested from rabbits that had been fed’diets supplemented with D- 
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” e. glwosa&ne-HCl(20 mg&g body weight daily) exhibited signifkantly accelerated rates 
ofw*tis of&v proteaglycans compareqi to articuk 
wed fi-om unsupplemented anin&, l” 

ti~Satnples 

. 

. . . . 

. D-glwmmine appears tg act by interrupting message fxawdwti~n. Following t+x$m 
sxoss the cl$ob~Q~ cell membrane.by the GLUT-2 and GLUT-4 glucqse 

3IdlSpOfim, lWra supplementa@-glucospunine stimulated the apression of IL-1 ct@ 
meqbrane receptor subtype II, which. binds IL- I @ ‘Mh high afkity but produces an ‘. 
inactive receptor~ligand cotiplex, effkcti~el~ intercepting $JL- 1 B-based si@;nal 
~&n.‘~ h addifdon, when D-gltisamine was adfled to thq culture m&um of’: 
n~nosteoarthriticbovine articular cartilage explant& organ culture in concentrations 
that significa@y inhibited IL-l#-induced aggwanase dewage of aggrecan, lactate 
production was F$ed and D-glucosamine was mcorporated into n~ly+ynthe&ed 
“chondroitin suhates. D-Glucosamine-HCl also stimulated sulfhte incorporation into . . 
chondroitiu sulfates m the extracellukr matrix of nonosteoarthritic bovine articular 
cartifage explants ill~0qaIl culture.‘” In cqntrast, conception of D-glucosamine-HCl 
suflticiently b&h to compromise celr viability in nonosteoarthritic bovine articular 
cartilage exphults in organ cuhure’“s or in nonosteoarthritic canine chondrocytes in cell 
cultuie14~ also significantly inhibited proteo&ycan synthesis, These findings indicate 
that the inhibition of IL-l &-induced catabolism was not ~ artefact of D-glucosamine-: I 
induced.,general inhibition of chondrocyte eel&r metabolism.1~ 

In other cell cuhure models, D-glucosamine-HCl (O.Oi to 1 .O niM)‘dose-dependently 
suppressed the superoxi$e anion generation induced by forniyl-Met-Leu-Phe (f&&P) or 
complement-opsonized ~ymosan and inhibited the &gocytosis of complement- 
opsomzed zymosan or IgG-opsonized latex particles.rJD Similarly, D-glucosamine-HCl 
sig&cantly inhibited MLP-induced up-regulation ofCD1 lb, polymerization of actin, 
and activation via phosphorylation of proqoptotic ~3-8 mitogen-activated protein hkase 
(MAPK)i? In addition, D-glucosamine-Hcl inhibited the release of lysoq&es from 
phagocytozing neutiophils and suppressed neutrophil chemotaxis towed zymosan- 
af&mted SeRd” Furthermore, supplemental D-ghicosamine inhibited the activation of 
T-lpqbocytes and the reactivity of leukocytes without producing signs of cellular 
toxicity.‘51 Ah of the effects of$upplemental D-glucosamine provide evidence that its 
immunomodulatory, anabolic and anticatabolic properties result at least in part fkom 
inter&ion v$th intercellular and intracellular cytokine-based .communication systems. 

BioehemnicaI and PhvsioloPic Roles of Chondroitin Sulfate ~JB the Preservath of 
Articular Cartike 

h &mes of chondrocytes harvested kom nonosteoarthriti~ human knee joint articu@ 
cartilage, supplemental crystalline chondroitin sulfate polymers (Condrosulf@, Sanova 

e 

pm, Vienna, Austria; 55% chondroitin 4-sulfate, 3g% chondroitin (i-sulfate, 5% 
u,nsulfated i;hondroitin swates, 1% disulfated chondroitin sulfates, 1 ?J non-chondroitin 

.ll 



,’ 

rn’ 
. . compounds, averqp mole$ar weight, 24,000 daltons).bind to a specific c&l membrane 

receptor, possibly CD36, prior td transport into the ~hondrocyte oell c*Iasm.= :-when 
a&led tq culm media, both Cotidrcjsuh? and a synthetic mixture’of,chor&oi$in 4- 
s&&e and chond@tin6-sulfate (Structutk*, Smith Kline,Corp.,Philaclelphia, P& 
~&fined polym m@We of chondroitin 4-sulfate ,and &ondroitin 6-sulf&) . 
&nifictd~ stimulated the production of proteo 

” I ‘&dti wrtihyge chondrocytes ‘in cell culture.’ $ 
ycans by no~osteoarthritic human 
? Paradoxically, hi& castrations 

(>l OOO’mcg/mL) of Condrosulf@ in the culture mediuni induced concentration-depen&xit . 
&wmegulation of the expression of n&MA coding for aggrecanr” .~ / i 

,” b ~defied mix of chondroithi sulfates stimulated si cant increases in the secretion 
ofpteoglycans in nonosteoarthritic cartilage tissuel’s tid by embryonic arti&lar 
;cartilage chondrocytes in Cell ~tkltur&~~ Chondroitin 4+@ate alone added to ,the culture 
me&tam stimdakd significant increases in the secretion of proteoglycans and in the 
incorporation of sulfate into chondroitin-comaining proteoglycans by embryonic art&k 
&t&ge chondrocytes in cell culture.‘s’ 

A synthetic mixture of chondroitin 4-sulfhte and chondroitin 6-sulfate (Structum~ 
prevented IL- 1 g-induced inhibition- of total proteoglycan synthesis by nonosteoarthritic 
human arthuh cartilage chondrocytes in cell ~ulture.~~ Similarly, und&ined mixtures 
of chondroitin sulfbtesi (10 
proteoglycan sWhesiP 

mcg/n&) prevented IL-l B-induced inhibition of total 
and IL-1 g-induced-stimulation of stromelysin- 1 activityi~ in 

&x.ms of nonosteoarthritic humau articular cartilage chondrocytes. Individually, both 
chondroitin 4-sulfate and chondroitin (i-sulfate significantly inhibited the secretion of the 
endopeptidase~5;athepsin B, by c,uhured nonosteoarthriti~ rabbitarticular 
chondroqQe% However, very low ‘concentrations of undefmed mixtures of 
&&roitin sulfates (~1 mcg/mL) fail&l to significantly inhibit PGE2 secretion or 
ba&rid LPS-induced prbduction of NO by nonosteoarthritic equine articular cartilage 
tissue explants in organ culture either alone or when added to significantly inhibitory 
concentKllfioIls of glucosamine-HC1.‘3’ In contrast, concurrent exposure of tihondrocytes t 
h~ested from nonosteoarthritic articular’cartilage and grown in cell cuIture to 
chondroitin sulfate (IF0 mcgknL) partially inhibited the pro-apoptotic effect of NO 
added in amounts that, when added alone si?iantl y increased the peroentage of 
&ures chondroyytes undergoing apoptosis. In the game model system although 
.~ncurrent exposure was ineffective, the addition of chondroitin sulfate to the culture 
medium 72 hours before the addition of sodium nitroprussidel 
induced stimulation of NO production and cellular apoptosis. 6 

SNP) prevented SNP- 

Diets supplemented with mixed chondroitin sulfates prevented ch~zopapain-induked 
degradation of knee articuhr cartilage in nonosteoarthritic rabbits. Dietary 
supplementation with chondroitin 6-sulfate (100 mg/kg body weight daily) significantly 
inhibited the destruction of articular cartilage following subsequent injection of type II 

* collagen in preund’s adjuvant on day 14 in nonosteoarthritic mice ‘~3 and significantly 
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,(I); 
inhibit.& the depletion ofproteoglycans inarticul~~ k&age following sukequent 
inject@ of bradykinin Oil day 14 ‘in ~OllOSkOtEth&iC rat&161 

“~ragmwtY of large ~hondroitin sulfate chainssimilar to those found in the blood af& the 
oral ingestion of large chondroitin sulfate chains and their degradation prior to the 
&sorption of the iia@nenents significant!y inhibited directional chemotaxis, phagoc~sis 
‘~d’cytokine&imulated release of lysozymes in human leukocytes in vitrcj.r3r’ Both 
ply~spegs~ x&tyres of chondroitin sulfates rarMi’8nd ,Matrix@ (a def’med mixture of 
25% chondroitin LiTsulfate and 75% chondroitin 6-~ulfate’~‘) inhibited the activity of . 
wan leulcgyte elastaq in V&Q. The inhibitory activity v~ limited to chondroitin ’ 
&f&e ~O&IIMXS ia~@l’.in &X tb2ooO ~&oIIs,*~‘~~ ,~nay be limit4 to chondroitin 6- 
s&&?‘* and @creased with @degree of&f&ion of thepotymers.‘6gJ71 Although 
only m indiqst indicator of events incartilage, but consistent with an anti@&oiic role 
for supplemental chondroitin sulfates, plasma elastase a&vity was significan~y 
c&wsed in n0~0SkO$hlitiC rjits following 8 days of dietary supplementation with a 
r&ture ofchondroitin stiates (600 mgkg body weight daily)? A report that jn vitro 
b&h ~hondroitin 4-sulfate and chondroitin 6-sulfkte compete with hyaluronan far 
digestion by byalur~nidase suggests an additional role for supplemental chondroitin 
sdfates in the direct protection of arti~ular cartilage extracellular mat+x rnacromokules 
.hm the elevated degradative ewe activities characteritic of asymptomatic 1 
sh~inid cartifage degeneration. 

. . 

SuaDlemental D-Ghcosamine and Chteaartbitis 

Dietary supplementation with D-glucosam&+HC1(2OOO mgkay) produced a 
significad~ greater decrease in subjective pain assessment in 12 weeks than did placebo 
m adults with regular knee pain that had not yet progressed to chnically identifiable 
osteo&hritP However, there were no significant differences in the. improvement in 
cli&al or functional tests of joint motion and balance. In contrast, dietary 
supplementation with D-glucosamine-HCI (1500 mgkiay) for 2 months was no better than 
the consumption of placebo in relieving joint pain in individuals with mild to severe 
femofotibial OSt@OEUth&iS.‘74”‘s 

on the other hand, in 2 randomized double-blind placebo-controlled chnical studies, 
compared to the effects of placebo, dietary supplementation of subjects with mild to 
severe femorotibiai osteoarthritis with crystahine D-ghteosamine sulfate @ona@; 1 SOO 
r&day) for 1 month has produced significantly greater reductions in articul~ pain, 
tenderness, swelling and restriction of movement.176Jsr In another study, short-term 
dietary suppkmentation with Dona’ (1500 mgkiay) 4, weeks produced a significantly 
greater decrease in the Lequesne functional index of impairment and a sign,ificantly 
greater increase in the percentage of “responders” (subjects experiencing a decrease of at 
least 3 points in the Lequesne index) than did placebo.‘s8 Compared to subjects 
collsuming placebo, subjects consuming D-gh~cosamim?s~fate experienced no 
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,’ 
e &%mses in the’incideke or severity of side effects or,inthe results of r&nine chn+. .’ 

chemistry, hematology, urinalys$, heart rate; blood pres&rre or body. w&&t, espy; . 
dietarysupplmen~onwithDona'D (i5oOmg/dayjfor6to8w%ekspn0duced 
&&fkanti~ greater decreases in joint paiq tendemess,and swelling and in th&umber of 
&YS until ~improvement was noted in joint pain, tenderness or sklling as well as ’ 
.&niticahtly greater increase in t@e percentage of patients expeAencing s~me”degree of 

0’ - &m&xnent in jointpain, tenderness or swelling withoutproducing difET~ m the : ’ 
h&bme Or severity of side effects or in hematologic or urinary variably compared to 
&e &bcts .Ofplii@O GO)suitlptptiO~.lm , . . 
in long-term mndomikd double-blind placebo-controlled Unicai studks, compared to 
&e c$iscts of phi&o, 3 yeti of dietary supplementation with mna@ (1500 mg/day) by ’ 
subjects with mild to severe femorotibial~osteoarthritis produced signifi&ntly greater. 1 
‘reductions in the mean rate of femorotibial joint space narrowing (measured as the width 
ofthe medial feniorotibial joint space, with the knee in fW extension, by visual 
~pection; the ‘preferred, gold standard outcome” in studies of osteoart&tisra($ the : _, 
WC&&W btd @in score, the. WOMAC’indices of total knee health, p@m, function @d 
&l&s, the Lequesne CmctionaI index and pain assessed by a visual analog scale,‘!?s1 
h &$itic+n$he number of subjects experiencing “severe”‘(i.e., > 0.5 mm) joint space j 
~&ng was significantly smaller atIer 3 yearsof dietary supplementzk~on with B ‘,’ , 
giucosamine dfhte. HOWWX, among those subjects COXBUX&J D-glucosamine sulfate,, 
those with less severe osteoarthritis at baseline tended to experience better responses, 
Pttrtbermore, 3 years of daily dietary supplementation’with 1500 mg of ~-glucosamine 
sulfate produced no greater nuntber or severity of side e@ects, including.. changes in the 
~SI,&S of’rouiine annti clinigd laboratory examinations, than did 3 years of 
co~umption of placebo. 

In a far-ranging multicenter open-label study, a total of 1208 evaluable subjects were 
sup$emented with Dorm* (1500 mg/day). for 13 to 99 days.l*’ Physi+ ratings of 
subject responses were. highly favorable: “good” (59% of subjects), “sufficient” (36a;, of 
subjects) and “insufficient” (5% of subjects). The best response was experienced by 
subjects ,witb OsteOarthtitiS Of the bee or.eibow, while those with osteoarthritis of the hip 
fd more poorly. The effect of D-glucosamine sulfate on pain scores was directly 
propo&md $0 the duration of supplementation. In a inore targeted opez~-l&e1 study$69 
young athletes (mean age 19 years) with cartilage degeneration of the k&e 
(biocheemid~ similar to osteoarthritis) received dietary supp@nentation with Dona@ 
(15(N) mghiay for 4 days, then 750 mgMay for 90 to 120 additional day~.~~ Afk 120 
days, complete remission of symptoms (patelia-grinding sound, pateiia-displacement 
pain, patella-pressure pain) was reported for 76.5% of the subjects. 

b two &~~trolled studies, subjects tith faorotibial .osteoartbritis were supplemented 
w&b either Dona@ (1500 mgMay) or ibuprofen (1200 mgkkty) for 4 weeks. 184S1sb ~,n:both 
~ciks, both~oups ex 

L 
erienced similar significant decreases in the ikquesm i&ex, of 

e 
functional impairment’ 
a&i joint sWelling’85 

and in pain at rest, pain during movement, pain under iohg 
(coinpared to baseline). However, in both studies there were 
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si&cantl~ IYJOI% advtrsje.events and adverse event-related trial dropouts among the 
” subjects consuming ibupro&n, In a  similar u@omrolledstndy, subjec& with  femorotibii : 

~osteoa&ritis w&e sup#ement@ with  either Dcmp (1500 mg&y) or ib~profer@~. j 
m lJdayl for 8  weeks.’ .In  this study, Dona@ produced a signifi~y great&&crease m . 
subjective assessment o f knee pa& with  no difference in the incidence o f severity o f side 
eRi%Gts. ‘. 

‘I ‘: 
Among subjects w ith  osteosrthritis o fthe temporomandibular joint, ~glucosamine ; 
sulfate (Ja+ieson m ; W indsor, CMario, m  1500 mg/day for 90 days) ’ ” . ., 
suppIeme~tath’~duced a significantly greater decreasein painasses& usii;avi&& 
analog scale compared to the pain relief a fforded by ibupr&eri(l200 mg/day fin : 99 I i 
diys).‘a’ There were no signi&an~ diffemnces between’s*glucosamine sulfate a&l ’ 
ibuprofen in the production o f signifmant reduction in m&@atory~.m’lscle pain and . 
significant increases in pain-free mouth opening and voluntary mouth opening. 

‘IO 

Several groups o f investigators have applied the techniques o f meta-analysis to evaluate 
dietary supplementation w ith  Dglucosamine sulfate. Qne investigator conch&l that the. 
randomized double:blind placebo-controlled studies o f &quate quality to in&u+ intbe 
ansilysis demonstrated that dietary supplementation w ith  Dglucosamine sulfate produced 
significantly greater reductions .in  the Lequesne Index o f functional impairment, the : 
severity o f pain assessed using a  visual analog scale and voluntary ,COaSULnpfiOIL O f 
NSAID’s for rescue Tom pain than did placebo (the e ffect sizes were Q rge”).rss In 
addition, it was concluded that D-glucosamine sulfate hrs;s demonstrated 8  consistently 
excellent safety profile. : 

O ther investigators concluded that dietary supplementation w ith  D-gh.wosa,tnin~ suMat 
by individuals w ith  osteoarthritis consistently produced s@ificant decreases in joint pain 
and signifipt increases in joint function o f small-to-moderate magnitude,189 that dietary 
supplementation w ith  D-glucosamine sul@e is “probably e ffective in osteoarthritis in 
reducing pain end in improving joint function”‘M and that dietary supplementation v&h 
D-glucosamine sulfate (1500 mg/day) produces significantly increased ptin  relief in 
individuals w ith  femorotibial osteoarthritis accompanied by an excellent safety profile.*ee 

When  ordy “high quality” studies were considered by another investigator, it was 
concluded that dietary supplementation w ith  D-glucosamine sulfate by iridividuals w ith  
osteoarthritis produced an approxmately 50% reduction in pain w ith  a  similar 
improvement in function (a “large” effect consistently greater than that o f placebo).‘9’ 
However, it was noted that the quality o f most published studies concerning dietary 
supplementation w ith  D-glucos,amine sulfate by individuals w ith  osteoarthritis has been 
generally pocpr and that the magnitude o f the reported epects o f dietary supplementation 
w ith  D-glucosamine sulfate are likely to be inflated by yeaknesses in the5 suidy de&g+ 
and analysis. Nonetheless, it was concluded that, despite their poor flaws, the available 
published studies demonsua;tera significant degree o f e fficacy for dietary supplementation 
W ith  Dglueosamme sulfate. 
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Su~&mentai KZhondroitin Sulfate snd Osteoarthritb . . 

. . 
hr randomized, double-blind, placebo-controlled studies of subjects with fmrotibii 

.-. 

testis ranging &om mild to severe, comparedtothe @S&s of plac&o;dietary 
supplementation ~5th CO~OSUP(S~OV~ Pharma, Viemra, Austria; 55% chondroitin 4- 
-&fit@ 3.8% cbondtoitin 6-sulfate, ,5% unwbted chondroitin suifates, 1% disuhhted 
chondroitin sulfates, 1% non-chondroitin com~urids, average molecular weight: 24,oOq : 
~&IS; 800 @day for 6 monfbs,rgt 1 yea? or 2 yearsr” or 1200 mg/day for 3 

‘9~ months or 6: months?) consistently produced significantly gteater de&eases in the ‘,, 
mu&e Index of functional impairment and in the severity of spontaneous joint pain ’ 
assessed using a visual analog scale. Afker 1 year, subjectsconsuming 800 mg/day also 
eychibited $iglliflCalldy !%lldk illCreaSeS h stXl&lll 'WllCell~OllS of 0stekaki.n (a 
‘@marker of new bone formation) and keratan sulfate (a biomarher pf proteoglycan 

-,. &apaRt;on) and urinary excretions of pyridinorme and deoxypyridinoline (biomarkers of 
dagen degradation), although overall mobility and the mean ,rate of narxowing of the 
internal femorotibial space were not affected by dietary supplementation with &cmdroitin 
sulf&s.19~ However, subjects consuming 800 mgklay for.2 years exhibited signifiqy 
sma&r decreases in the mean internal femorotibial spa~.~~ In none of these studies did 
dietary supplementation with dhondroitip sulfatesproduce a significant increase in the 
incidence or severity of side effects.‘g2’” 

0 ‘b a &domized, double-blind, placebo-controlled study of subjects with osteoarthritis of 
the hip ranging from mild to severe, daily supplementation with Cond2-osulf@(1200 mg 
for 24 ‘weeks) produced significantly greater decreases in the Lequesne Index of 
functional impairment, the severity of spontaneous joint pain assessed using a visual 
analog scale ad the voluntary use of nonsteroidal anti-i&lammatory drugs @JSAID’s) 
for rescue from pain, t&h&h in this short-term study the mean rate of nmwing of the 
inter&l femorotibial space was not affected by dietary supplementation with &ondroSn 
sulfates. ” In a randomized, double-blind, placebo-controlled study of subjects with 
osteoarthritis of the interphalangeal joints, daily supplementation with CondrosulpB< 1200 
mg for 3 years) produced a si f$hntiy #eater decrease in the number of subjects whose 
osteoartbritiis had PrOgreSsed. However, there was no effect on the progression of 
~~~&hritis of the metaqal joints. Even after as long as 3 years of daily 
supplementation there were ;; significant differences in the incidence or severity of side 
effects or adverse reactions. 

hi three tihort-term open-label studies, dietary supplementation with Condrosulf@ (400 
mg/daY9 ‘* 800 mghayzw or ~200mgMayzo’. for 3 months) significautly reduced the 
severity of spontaneous joint pain assessed usmg a visual analog scale and the voluntary’ 
use of nonsteroidal anti-inflammatory drugs (NSAID’s) for rescue from pain in subjets 
with osteoarthritis of the interphalangeal, femorotibial or hip joints. Qne study reported 

a 
97% subject comphance with supplementationuM and no study reported clinically 
s&&cant side effects. 
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.’ 
h-l a randomid, double-blind, pla~ebd-c~ntrolled study of ~subjeetsv&h ~nrlyu$hJ ’ : 
feinnorotibial 0-k 2 years of dietary supplementation with Mat&* @59/a ‘* ., 

._ chondroitin 4#fate aiid 75% chondroitm &sulfate; II&I31 S.p.A., Rome, Italy; 800 ; 
~&day) prod@ sigh%cmtly greater decreases in the severity of spontaneous~oint pain 
assessed using a visual adog sde and,,the voiunttuy use of nonsteroidaI anti: : ’ * 

*I inflammato~ dnrgs (NS@JYs) for rescue from pain? In another randWni+f& double- 
blind, pla~eho-oonttrolled study of subjects with early mild ~femorotibial osteoa&r&, . 
330 days of dietary supplementation with Matrix* (200 mg/day) produced sigui&ntly., ‘,” : . 
greater decreases in the severity of~spontaueous joint pain assessed using a &d.m&g 
s&t, @in OII passive rnovqrne?, p@~ on active movement, and pain in the even& , ‘. 
sig@icantly greater increases mjoint mobility and ambuIation; aud a significantly , 
smaller decrease in mean articular cartilage thickness (measured echogra@Aly).~ In 
neither trial were the incidence or severity%of side effscts or adverse r&c&ns 
&nificantl~ di.@erent among the subjects co nsuming Mat$ix@or placebo. Similarly, in 
au &en label pilot study, dietary supplementation with Matrix@ (1200 mg/day for2 ‘( 
months) significaatly reduced the severity of spontaneous joint pain assessed using a 
Gd analog scale tithout ~rod&ng’side effects.2M ’ ‘_ 

Subjects with femorotibial osttitis ranging from mild to severe have participated in 
three studiess .during which one group of subjects received supplemental ’ 
Condrosuif@(800 mg/day) for 3, months, placebo for 3 months, CondrosuIf@(8OO rug/day) 
for 3 months and placebo for 3 months while a second group of subjects consumed on& 
placebo for 12 months?W207 hi all 3 studies, after 12 months, despite h&ing consumed 
only plaoebo for the 3 months prior, subjects previously supplemented with Co&osu@ 
exhibitedi signifimtly greater decreases in the LequesneIndex of fusebional impairment, 
tie severity. of spontaneous joint pain assessed using a visual analog scale and the mean 
rate of narrowing of the internal femorotibial space. In one study, the supplemented 
subjects dso,exhibited significantly smaller decreases in femorotihial joint articular 
s&ace area, femorotibiai joint space volumeand femoral articular cartilage,tl&ness.206 
in addition, betweenmonths 9 and 12 in this study (when both groups ~nsumed 
placebo), unlike the sub’ects consuming placebo, for 12 months, the S&J&EJ prwicm~y 
ccmalmiflg condrosul a did not experience rebound increase in pain. .In another 
study, &er .12 months, despite having constied only placebo for the 3 tionths prior, 
subjects previously supplemented with Condrosulf exhibited significantly smaller 
increases in the serum concentration of cartilage oligomeric matrix protein (COMP) (a 
biomarlcer of synovial and cartilage inflammation), serum concentration of keratan 
sulfate (a biomarker of proteoglycan degradation), and urinary excretion of pyridinoline 
and deoxypyridinoline (biomarkers ofcollagen degradation), cronfinning the 
~t,i~taholic.properties of supplemental chondroitin sulWes2@ In cornA& serum 
~mx&ratiOElS Of Ot3tW2dCh Were not significantly aff&ed, suggesting that 
suppltmentd chondroitin sulfates do.not actively influence bone metabolism or 
turnover. 206 In none of the 3 trials were the incidence or severity of side effects or 
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&er$e reactions significantly diffemnt among the subjects consuming C&&o& or. 
placebo?-T ,’ 

The effectivelleSS of dietary supplementation with Condrosulf@ in reducing pa& has been. 
compared dirdy to the effeGtiveness of N&iID’s. Subjects witbfmorotibid 
o*carthritis ranging from mildto severe were supplemented with either 

’ ‘~&&rosuP( 1200 mg/day) or diclof- sodium (156 mgklay) for 3 mOntb& after v&i* ’ 
both. groups of subjects were supplemented with placebo for an&her 3 m*nths,~ After . 
3 months of titive supplementation, bothgroups of subjects exhibited similar s&nif,icant 
&mqses (cotipared’to baseline) in the Lequesne Index offktional impairment, the 
severity of pain at rest assessed using a visual analog Ed and the sever&y of pain on ‘. 
lo&g assessed using a visual analog scale. Howler, afkr 3 subsqueqt months of, 
pla&m, pain increased significantly in subjects previously suppkmented with 
doclofenzac sodium but did nut increase in subjects previously skpplemezlted *th 
c*ndrosuiP. 

h twri prelim@ry open-label studies, the diets of subjects wit.kost&oartkritis of& 
fkmorotibial or hip joints tiere suppkmented with 1000 mgklay to 1500 rr&day of 
Smctm@ (Seth Kline Corp. Philadelphia, PA; undecked polydisperse mixture of 
chondroitin 4~lfMe and chondroitin 6-s~$ate) fdr up to 4 months.209;110 
Supplementation was’reported to have produw s&if&&t de&eases in ‘pain, with up to 
85% of subjects reporting reduced pain and enhanced mobihty?r’ When the diets of 
similar subjeots were supplemented with 1000 rug&y of Structum* for .6 mouths, pe at 
rest disappeared completely in 57% of subjects with femorotibial osteoarthritis and in 
46% of subjects with osteoarthritis of the hip and pain with movement disappeakd 
completeiy in 17% of subjects with femorotibial osteoarthritis and in 13% of subjects 
with osteoarthritis of the hipe2*l During the 6 months of this open-label study, joint 
function :~proved significanuy while voluntary consumption of NSAID”s for fescue 
from pain d&eased significantly. In a sir&r 3-month placebo-controlled study, 1000 
mg/day of Structum~ produced significantly greater decreases in the Lequesne Inda of 
functional impairment, the severity of pain at rest assessed using a visual analog scale 
and voluntary consumption of NSAI’D’s for rescue from pain. Afker 3 subsequent 
months of ciisconthuation of sup#ementation, no sign&ant return of p&n occurred 
among the previously-supplemented subjects. There were no clinically si ‘ficant side 

%F effects & tiy reported study of .dietary supplementation with Structum@,2 212 

in a randomized placebo-controlled study of subjects with femorotibial osteoarthritis, 
dietary supplementation with mixed,chondroitin sulfates (1000 mg/d.ay; unknown source) 
for 3 months produced significantly greater decreases in the Letluesne Index of functional’ 
hpairmmt and the severity of pain at rest assessed u&g a visual analog scale.213 No 
&n$icad differences oh in the severity of p&r with activity assessed by use of a 
visual dog scale or in the incidence or ,severity of side ef&cts. Among the previously- 
supplemented subjects, pain had not returned three months ai%er discontinuation of 
supplementatiqn. In a randomized placebo-controlled study of subjects with sevexk 
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., 

osteoarthritis of the proxiinal interphalangeal joints, dietary supplemen@ti&t v&h mix& I : 
chondroitin sulf*s (800 mg(day; unknownsource) f& 2 years produced &nificantly . 
greater dsm in,the depth of ~rosiks of the femoral articular~ smd in,,,6 
r]Lumber of pair@ joints per subject,‘~’ 

- Subjects with severe ~Ste~pirthrtb of the proximal interphakrg& joints received &et& 
‘I I supplementation with Chondral@ (a polydisperse mixture of chondroitin se, &X&S& 

pm&tti htipjotiti, Milan, Italy; 809mgkiay) either with ‘pr w@out.naproxen (500 
mg/day).2’5 After 2 years, the combination of Cho@al@ and naproxen produced 
&nifica.t~tly slower progression of wee erosions, but the progression of clinical 

., 

O~arthritiS wasnot arrested. 

Several groupi of investigators have applied the techniques of met&analysis to evaluate 
dietary supplementation with chondroitin sulf’s. One,group Gonciuded that 7 
rar&mked doui$blind placebo-controlled studies were of adequate quality to inchade 
in their atmlyds. These studies demonstrated that whenconsumed at .I200 mg daily: 
for at least 120 days, dietary supplementation with chondroitin sulfates produced 
sign&ant@ greater reductions in .the ,Lequesne Index of tictional irnpajument and in the 
severity of 
%rge’3.21 B 

ain assessed using a visual analog scale than did placebo (the effect size was 
In addition, 65% of subjects conSWing chondroitin sulfates Will be ew 

to k&it inoB than ifthey were consuming p@cebo ana in general, adverse effti.were 
mofe frequent whm placebo was consumed tbn when chondroitin sulfates were 
consumed. 216 O ther investigators concluded that dietary supplementation with 
chondroitin sulfates by individkls with osteoarth$tis consistently produ,ced sign&ant 
&cregsea in joint pain Sill! Significant iIKIWSeS in Joint fi$nCtion Of Sm&l-tO=moderate 
mag&udel* and that dietary supplementat@n with chondroitin sulfates is “‘probably 
&&ve in osteoarthritis in reducing pain and in improving joint f~ction.“‘~ 

men only “high quality” studies were considered by anothes investigator, it was 
concluded that dietary supplementation with chondroitinsulfates by individuals with 
osteoarthritis produced an’approximately SOoh reduction ,in pain 6it.h a &nilar 
improvement in fimCtiOn (a “large” effect consistently greater than that of plaeebo).‘g1 
However, it WBS noted that the quality of most published studies concerning dietary 
Supplementation with chondroitin sulfates by individuals: with o~teoartkitis has been 
generally poor and that the magnitude of the reported ef%ctS ofdietary supplemen@on 
w&b &ondroitixl sulfates are likely to be inflated by weaknesses in the study designs and 
analysis. Nonetheless, it was concluded that, despite their flaws, the available published 
studies demonstrate a significant degree of efficacy for dietary supplementation with 
&~&o&in ~tdfk@S.“‘~ 

The application of a pharmacokinetic-pharmacodynamic model of int&edependent 
effects resulted in the estimation that dietary supplementation with chondroitin sates 
(especially Condrosulf?, 1200 mgklay) ‘Can reduce baseline pain’and algofunctional 
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idces by ovy 80%‘; it .JW estimated that about Wof f&is benefit F & experienced. 
in about35 daj~ of s~ppl~&&o~21’ . 

Comnarison:of Surx4emental D-Glucosamine and Chondrojtin Sulfate 

I in an Open-label trial, sul&ts with femorotibial oskoa&ritis consumed either D- 
gluwsamine @fate (unknown source; 1500 mgklay) or mixed chondroitin sulfkks 
.(unkqown Source; 675 mgklay)?? hr.3 inonths the& were no significant differences’~ .’ 
between the twd gOUp of subjects; 72% of all subjects selfassess~ their improvement 
8~ “good” without side effects. The extent of improvement ti pain during n&erate . 
exercise following supplementation was inversely propor$onal to ,the severity of paiti 
during moderate exercise .prior to the initiation of supplementation (subjects with the 
‘most severe pain responded the lea&to either dietary supplement). 

Combination of Chondroitin Sulfate and ,D-Glucosambe in an Animal Model of 
Qsteoarthti* . 

In a mbbit surgical model of osteoarthritis, follotig surgery five groups of rabbits were 
fed either a wntrol diet or the w&o1 diet k~ppl ither D-g+osamine~Cl, 
mixed chondraitin sulfates, manganese aswrbate or Cos for’ 16 week2” Upon 
sacrifice, the rabbits fed.either the control diet or the control diet supplemented with 
eit+r D-gluwsamine HCI, mixed chondroitin sulfates, or manganese ascorbate exhibited 
no signifkant differences in the area of articular cartilige surface lesions, the percentage 
of &mals’exhibiting severe lesions, the rates df synthesis or degradation of artkular 
cartilage proteoglycans or thy magnitude of IL-l 

‘IF 
-indu+i collagen&e activity. In 

wmrast, dietary supplementation with Cosamin prod+ significantly greater 
dwrases in the,area of articukr cartilage surface lesions, the percentage of animals 
exhibiting severe lesions and the magnitude of IL-1 ~-induced wllagenase activity. In 
this model, Cosamin* had no effect on the rates of synthesis or degradationof articuhu 
cartilage proteoglywns. 

CombinatioFs of Chondroitin Sulfate and.D-Glucosynine and Oste6arthritis 

In a randomized double-blind placebo-controlled clinical trial, subjects with mild to 
moderate femorotibial osetoarthritis supplemented their diets with either a combination of 
D-gluwsamine-Hcl (1000 mg/day), mixed chondroitin sulfates (8oO.mgMay) and 
manganese’ aswrbate (152 mgklay) (2 tablets of CosanGn*; Nutramax Laboratories, Inc.) 
or placebo. ~2’ After 6 months, dietary .supplementation with Cosamin@ was associated 
with signifiwmly greater decreases in the Lequesne index of functional impairmeirt, 
&hough there was no difference in WOMACgain scores or in subject self-assessment 
beuveen subjects supplemented with Cosamin and those supplemented with placebo. In 
addition, subjects with severe femorotibial osetoarthritiS experienced little improvement. 
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0 men2 @SO vi& no diEerence in the incidence or s&e&y ofside effects. In another 
mt,iow daubie-blind pl+cebo-controsled,~liical trial, $ubjects with mild to mode& 
femordtbial oSetOarth&iS Or Osteoarthiitis of,the lotier ba& supplement& their &&ts ,. 

. . with either a combination of Dq&cosamine~HCl (1500 .mg/day), mixed ehondroitin 
. . sulfates.(1200 mglday) and manganese ascorbate (228 mg&ay) (3 tablets of Cos&&@; 

&mmax Idhmatories, lnc,) or pla~ebq~ ARer 16 wee&s* ti~‘~supplemehted 
‘&ubjectswith femorotibial osetoarthri~s exhibited si&&antly greater decrea&s in 
summary dimm score, subject self:asseseent of‘ain, .severity of pain assessed using a. 

.:. v&d andog s&e, but $e& was no difference in maximum running timers Subjects ., . 
with &eo+tis of the Jower back exhibited no respo~~ to the dietary supplement. ‘, 
nere were no intergoup differences in the incidence or sever&y of side effects. ‘. 

in a ra,ndom@d double-blind placebo-controlled trial, dietary supp~emeixtation with D- 
glucosamine-HCl (1500 mg/day) ,plm mixed chondroitia sulfate/s (1200 mg/day),,was 

‘. compared with placebo in subjects with painful osteoarth$tis of the temporomandibulq 
. . jo$kz” Aft&r 12 we&s, subj@s supplemented with D-gfucosamine-HC?l plus mixed :, 

cho@roitin sulfates exhibited significantly &eater decreases in temporomandibular joint 
kndmess,and sounds and in V&i&.ary consumption of pain relieving &edications 
with&t the production of side effects. In’ an uncontro&d +dy of subjects with chronic 
tempordmandibular joint &ei@hdis, 80% of subjects report& self-percetved decn 

‘1 h teqxu!ornandibular joint sounds during die@ry supplementation with .a combination of 
D-@ucosamin+HC1(1600 q&y), mixed ehotidroitiu 4- and 6-sulfa&s (1200 mg/day) 

(I) 
.ad d&m ascorb&e (loo0 mg/day) (NQW Food&, Glendale Heights, IL).223 

Daily Intake~of SuuulemWtal Glucosamine that is Effective in Reducing the Rj& of 
Osteoarthri& 

me reliable and credible scientific literature indicates that daily dietary supplementation 
with 1500 mg of D-gl&osamine sulfate is &ff&tive in reducing the risk of osteoarthritis. 

When ccmbined, with dietary supplementation with chotidroitin sulfates (at least 800 
mg/day), daily dietary supplementation with 1000 mg of D-glucosamine-WC1 is effective 
in reducing the risk of osteoarth@is. 

.Daijy Intake of Supalemental Chondrqitin Sulfate. that is Effective in Reducing the 
I&& of Osteoarthritis 

me &li;;lble and credible scientific literature indicat@ that daily dietary supplement&ion 
ti& 1200 mg of chondroitin sulfate (containing chondroitin 4=sulf&e and chondroitin 6- 
sulfate in approximately equal proporti&$), whether consumed alone or in combination 
d& supplemental D-glucosaqine stiate or D-glucosamine-HCl is effective in reducing 
&e I-@ of OsteOtUlhlitiS. 

21 



Safew of Ibik Intakes 6f Sumlementai Chondroitin Sulfate and DmGlacosamiq 
that are EEfeetive ia.Reducins the Risk of Qsteoarthri& ., : . . . : 
~Gl~co~amke is present in all fbods containing cartilage or glycoproteins.lT I&as &t 
&en possi’ble $ b&bate 811 LDso for oral &glucosamine sulfate because no deaths have; 
o~u,mxl in mice and rats f&n intakes of up to 5000 mg&g body weighkfu D&y 
&&uy supplementation with 2149 mg of D-glucosamine sulfkte per leg body Weight . 
p~mecl no systemic or gasttd&&d adverse readions in dogs.*‘l Horses f& 8.g of 
~glucosamme-HCl daily for 48 weeks (equivalent to about 16 mg/kg body. weight daily ” ” 
in an adult human) exhibited no effects on bone metabolkn~z? in humans, i&a- .I 
articular (200 m$o226 or intramuscular injection of D-glucqsamine sulfate (200 * 
one2% or 40Q.mg daily for 7 dayszf’T produced no adverse ma&ions, Die&u-y . 
supplementation with D-giucosamine sulfate1”‘81 or D-gim~~HC11n7smm 
for up to 3 years did not produce an increase in the incidence or severity of side effcxts h 
p~bo-oontrolled human studies. t 

The most common side effe@s reported by humans consuming R-glucosa.mine s@&e 
include reversible epigastic pain, epigastric tenderness, heartburn, nause+a, diarrhea, 
dyspepsia, vomitiag, constipation, drowsiness, headaches, and mild skin rea&ions.1a185 
&-a~ D-glucode *fate does not interfere with the efIkae&P medio,&ons fir 
~&iovasoular, I$, or lung diseases, diabetes or depres$on or produce insulin 
resistance in rats or humans.‘8133o 
potentiate active peptic UlcerS.“~ 

However, oral Dq&mamine sulfate may 
Qbesity may reduce responsiveness to~dietary 

supplementa$on with D-giwosamhe s$fhte.‘” 

In mts and rabbits, oral chondroitin sulfate polymers (1 g/kg body weight daily) pr&d~& 
no effects on mutagenesi? or reproductive fkxtion.5 In the isolated rabbit intestinal loop 
model of the digestive tract, no change in the amplitude of intestinal contra&cm or ia &e 
to&&y of the intestine was noted in the presence of 1 to 3 nag/n& chondroitin sulfate 
polymers. At intakes of (X25 to 1 .O g/kg body weight, no change occurred in the m of 
intestinal transit in mice. Chondroitin sulfate polymers do not modi@ the coagulation , 
time. Intivenous chondroitin sulfate polymers (25 to. 100 mgkg body weight, perfiused 
at a rate of 25 mgknin) had no effect on the human ekctrocardiogram; 100 mglkpr 
induced a slight and transitory decrease of arterial pressure. However, chon&oiti s&ate 
polymers can cause an increased respiratory rate and amplitude. No change in the 
volume or the eleotrolyte concentration of human urine was found afkr subcutaneous 
administration of 100 mg/mL of chondroitin sulfate p@mers.5 

h an analysis of 16 human studies that included a total of 372 subjects, it was c,on&ded 
that dietary supplementation with chondroitin sulfate polymers (800 mg/day) did not 
pmduce more adverse events than did placebo.B1 Dietary suppiementation with 
chondroiti-@f&3@ polymers for up to 2 years did not irxmase the incide&e or severity 
of side &ix% in placebo-control&d human studies. 1!42498,202,2l%2O-J7,212-214,220422 
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Maintaining the S&U* and fur@ ional integrity of the proteoglycan component 
of ,tho extracellulat matrix of art&&u cartilage is requhed for pres.ervation of 
healthy jo@ t architectureand biomechanics. 

~balanced metabolism favoring catabolism within the extracellular matrix of ‘, 
artigd~r cartilage produces degenerative changes in the proteoglycari composi$oi 
of the matrix. 

‘. 
Compromise of the structural and functional integrity of the proteoglycan ‘, 
compOnent of the extracellular matrix of articular cartilage results in net loss of 
articular cartilage tissue, inferior biomechanical competence and stwctwal 
deformation of joint amh&ture. 

Net degradation ofthe extracellular matrix of articular cartilage, accompanied by 
the production of spon&neous repair matrix with abnormal proteoglycan 
compositioa, results in asymptomatic subcliniczd o@eoarthritic change. 

The progression of asy&ptomatic osteC+&ic change to osteoarthritis is not (’ 
inevitable. -4 

The progression of osteoarthritic change is req@red in order for abnormalities in 
ahm.lar cartilage composition and strwture to progress to osteoarthritis. 

Osteoarthritic change in the absence .of joint pain represents a modifiable risk 
factor for later development of osteoarthritis. 

E&iry supplementation with D-glWosamme, glueosamine-tiC1, &c&amine 
sulfate or chondroitin sulfate contributes to the preservation of articular cartilage, 
inhibits the,initiation of osteoarthritic change in articular cartilage and inhibits the 
progression of osteoarthriticchange to symptomatic osteoarthritis. 

Dietary supplementation tith D-gl&samine, glucosamine-HCl, glucosamine 
sulfide or chondroitin sulfate is an effective modifier of osteoarthritic change and 
rc;d.uces the risk for osteoarthritis. , 

23 



in coticlusio~ I ‘6nd that there iS’sign&ant scientific agreement ‘in support of,@ 
following health c!aims: 

0 
I,‘. 

Gliuco~ may re@e the risk of osteoarthritis. 
. . 

0, 

.* 

l 

0 

0 

l 

0 GMosamine and chondroitin sulfate may reduce the risk of joint deg&wratio~ 

0 

l 

Chondroitin sulfbte may redti the risk of 0sWwthritis; 1 
,.’ . 

Ghcosamine a&d chondroitin sulfate may reduce the risk of osteoarthritis.’ , 

Glk~~~samin~ may reduce the risk of osteoartbriti&elated joint pain, tenderness: 
and i3wqng. 

Chondroitin suEate may tiuce the risk of osteoa&hriti&elated joint & . 
tendemess’andswelbg. 

Ghmsamine ‘and chondroitin sul&e may reduce &e risk of osteoartkitis&Aated 
joint pain, tenderness a@ swdhg. 

Ggucosamine may reduce the risk of joint degeneration. 

Chondroitin sulfate may reduce the risk of joint $egenqMio& 

Glucosamine may reduce the risk of cartilage deterioration. 

Chondroitin sulf&e may reduce the&k of cartilage deterioration. 

Glucosamine.and chondroitin sulfate may reduce the risk of cartilage’ 
dt$f%i6tiO& 

(a copy of my CV is attached) 
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” PETI1[‘IoNEIR: Rotta Pharmaceuti&&, Inc. (Rotta Researc~ottapharm Gxoup)~ . I 
ADlxEss: +/Olt+kthJ. Hahm, ESt& 

Hogan &Hartirozr, L.L.P. 
555 13* street NW 
Washingb~Dc 20015 

-._ 
suBacT: I’ Health Claim Petitiom Dietary supplementation of Cry&l&e :: 

G lucosamine Sulfbte (Glucosgmine Sulfate Sodium Chloride-USPMF 
2003) reduces the risk of osteoarthritis .joint deterioration and r@ted 
joint painandlimitationof function. ” 

I. Il lvIx0DUCTI0N . . 

We submit this Petition on‘behdf of our client, Rotta Pharmaceuticals Inc. 

(hereina%r “Petitioner”) pursuant to section 403 (r) (5) @ ) of the Federal Food, Drug 

and Cosmetic Act (PFDCA) (21 U.S.C. 0 343 (r) (5) 0) and Food and Drug 

Administration Q?DA) procedures for the review of “qualified health claims” de&bed ’ 

in Agency guidance for Industry and FDA (68 Fed. Reg. 41387 (July 11,2003)). ,The 

Petitioner respectfully requests that FDA approve for use in the lab@ng of Crystalline 

f Ghrcosamine Sulfate (Glucosamine Sulfate Sodium Chloride-USP/NF 2003) a health 

claim co&nunicating that this substance can reduce the risk of osteoarthritis joint 

structure deterioration and related joint pain and lim itation of function. All of the items 

specified in 21 C.F.R. $101.70 (f) are included or attached to this Petition. 

The proposed health claim responds to a major public health concern in the 

United Sbt@S, Osteoarthritis, the most common form of arthritis (I). Qsteoarthritis is a 

serious and degenerative joint disease that generally is &ara&erized by clinical 

evidence of both joint structural, changes and joint pain (1). In the United States, 

symptomatic osteoarthritis in the knee is estimated to affect six percent of adults aged 



3q yeam and over and symptomatic hip osteoarthritis is ktimated to a&et roughly three 

‘@’ per&t (2). Because the preva+&e of 0steoarthritk.i with age, it is expkted ,, . 

.’ . 
that the disease will become even more prevalent as the-population ages, 

: : . . 
As will be explained more fully below, the”Petit&ner believes that the pmposed 

health c;laim is supported by significant &&tific agreement within the mean&g of _: 

section 403(r)(3)(B]of the Il.TOCA. To the extent that the agency disagrees that there is 

, significant scientiiic agreement in support of the Rroposedhealth ch&m, tk Petit&&~ 

would be willing tohave the agency review the proposed claim as a “qualifkd health 

~claim,” as described in agency guidance of&y 11,2003. In light of the extensive 

r&arch to “date addressing the relationship between crystalline glucosamine sulfate and 

oste~eis, the proposed claims are, at a minimum, “Category,B” claim? for which ‘ 

.e the scientific evidence may be descriid as supportive but not conclusive. 

Rotta Pharmaceuticals Inc. is a fklly owned subsidiary of the multinational Rotta 

Reseam~ottapharm Group, which developed crystalline glucosamine sulfate for use 

in osteoarthritis and sponsored many of the clinical trials rmmmarized in this Petition. 

An overwhelming majority of the published clinical trials evaluating the effect of 

glucosamine on osteoarthritis have been performed using Rotta ResearcbiRottapharm 

Gioup’s source of Ciystalline glucosamine sulfkte. These clin$al trials represent the . 

hugest body of evidence supporting the use &glucosamine in the prevention of 

osteoarM~. 

There are limited clinical studies evaluating the effect of other sources of 

glucosamine on the prevention of osteoarthritis. Other sources of glucosamine do not \ 
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share the same quali’ty, @armco~ogical, and phamacokiuetic pmpertks of apt$ih 

a’ 
‘. 

gluco~ subi More importat~tly~ these.other sources of glumxamitm haklot ,‘, 
. . - 

been shown thy&b clinical trials to have the same effecton osteoarthritis as cjgtalliw 

” glucosamiae sulfate. Indeed, thg scientific literature oout&s sev~,sluti& “ 

cauticming against the generaiimtion of da@ on crysta&e glucosam&e sulStt6 to :, 
-. -. 

support the efficacy of other sources of glucosaxuine. Simply stated, there are . 

+nsufEciex$ data to support the inclusion of other sokuyes,of glucosamine in the ‘. 

propcwd he@& b&u. ‘. 

Based on our understanding of t&e agency guidelik oti qualified health &ix&~ 

we believe that there may be sufficieut data to support the classification of other sources,- 

of crymlline glucosamine &fate for a “caiegory IY or possiily a “category C” 

~qualifieci health claim. Because this Petition focuses on ,mystaUine glucosatuiue, sulfbte, 

we do not provide an analysis of whether there are sufficient data to support a qualified 

health claim for other sowces of glucosamine, and if so, whether there are sufficient 

data to justify placement iu “category D” or perhaps “category C.” 
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The propohd crystalline glu 
,_ 

cosamine sulfate/osteoarthritis health c&sa* 

all applicable “Prelii Reqzirements’9 under FDA rules, as set forth in 21 CgR 

@j, 101.7O(f),and lOl.l4&@). These regulations require tbat the subject&f ahealth 

claim be a “substance,” as defined iu 21 C.F.R. 0 101.14(a), the substance be,ass&@ed .,. “‘* ’ 

with a disease or health-related condition of public health, significance, the substance . 

contribute taste, aroma, nutritive value, or certain other technical or fhnctional eff’ I 
specified by FDA, and the substance be demonstrated to be sag and lawful under the -. 

applicable food safety provisions of the Federal Food, Dru&, and Cosmetic Act ‘. 

(FFDCA). 

A, Crystalline Glucosamine Sulfate Qualms as a “Substance? 

CqystaRine glucosamine sulfate is marketed as a dietary supplement and is 

subject to regulation as a “food” in accordance with section 201(f) of the FFDCA. 

LLSubsta&s’y is defined in the FDA regulations as “a spec&ic food or component off-’ 

regardless of whether the food is in conventional food form or a dietary stipplement that 

includes vitamins; miner&s, herbs, or other similar nutritional substances’” (2i C.F.R. 0 

101,14(a)), As a lawfully marketed dietary supplement, crystalhne glucosamine sulfate 

fi& within the definition of’%ubstance.” 

B. Qystalline Glucosamine Sulfate is Associated with 
Osteoarthritis 

CrystaRine glucosamine sulfate is associated with osteoarthritis, a disease for 

whi& the general U.S. population and the elderly (an identified U.S. population 

&t@oup) are at risk. Osteoarthritis is a degenerative joint disease that ca potentially 
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aBeet all synovial joints (i.e., joints contain@ a lubrkating fluid that is seo&ed by 

membranes-surrounding the joint). Osteoarthritis involves the degeneration of the 

articular cartilage, although there may be other contributiug &ton3 originating in 

diffmt joint tissues such as the subchondral bone and the synovium. Surprisingly, the 

pathogenetic process (biomechanical, biochemical;~or other) of this disease is still 

relatively unknown 

In healthy individuals, artkular cartilage is’maintajned through a dynamic 

process that balances synthesisand degradation of the cartilage matrix Degeneration of 

( the arhular cartilage is due to an imbalance in this system, which results in a 

generalized loss of cartilage. Remodelling of the subchondral bone also ocours, as well 

as mild inflammatory reactive changes in the synovial membrane. These pathological 

changes of the joint structure can be detected by imaging techniques such as plain 

radiography, where cartilage loss is usually seen as a decrease in joint space width (joint 

space ,narrowing) and by remodelling of the subchondml bone which is evidenced by 

the presence of osteophytes (bone spurs) and other &ns. The degenerative process and 

the mold synovial inflammation cause joint pain, particularly when the joint is in use, 

and limit joint function. The scientifk evidence in this Petition convincingly establishes 

that crystaIline glucosamine sulfate, when given to individuals diagnosed with 

osteoarthritis, can prevent fbrther joint degradation, can reverse the symptoms by 

minimizing the inflammation and restoring articular cartilage, can reduce joint pain and 

can result in increased joint function. Given the physiological.mechanism of action of 

crystalline glucosamine sulfate and other factors, there also are sufficient data 

demonstrating the ability of crystalline glucosamine sulfate to be effkctivo in reducing 

the ride ofdeveloping osteoarthriti&. 
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Q&~arthr@s is the most common form of arthritis and the most common reason .,’ . ” 
fortotalhipandt&lkueereplaCement(l). Symptomaticdiseaseinthekneeia’ ” 

. 

mported to occur m appnkimately six percent of U.S. adults 30 years of age or oik, 
;,I ‘. ., 

symptomatic hip osttitis occurs in roughly threeperoent (2). Because the 

prevalence of osteoarthritis increases with age, the disease will become even more : ,I 

prevalent as the popu]ab’on ages. Indeed, results of commt@@ased surveys have, 

shown that the.general incidence “Id prevalence of o&oar&&is-increase 2- to lo- fold 

from age 30 to 65 years, with f&her increases thereafter (3). 

Osteoarthritis of the knee is particularly common, with radiographic 

o~teoarthritic changes of the tibiofemoral compartment reported to occur in Eve percent 

to 15 percent of people aged 35 to 74 years in the Western world (4). The impact on 

disability attriiutable to knee osteoarthritis is similar to that att&uted to c~~~%ovascukr 

disease and greater than that caused by any other medical. condition in the elderly (s). 

C. Crystalline Glucosamine Sulfate Contributes Nutritive Values 
When Cgnsurued at Levels that are Necessary to Justify the 
Claim 

Crystalhne glucosamine sulfate contributes ‘k&ritive value” when consumed at 

levels necessary to justify the proposed claim and meets the requirement of 21 C.F.R. 

0 101,14 @)(3)(i) for substances intended for consumption at other than decreased 

dietary levels. For purposes of health claims, FDA has defkred “nutritive value” to 

mean “a value in sustaining human existence by such prkesses as promoting growth, 

replacing loss of essential nutrients, or providing energy” (21 C.F.R. 0 10 1.14(a)(3)). 

crystalline glucosamine sulfkte provides nutritive value through its role in the synthesis 
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* ‘of new cartilage and maintenance (through inhibition of catabolic enzymes) ‘of existing 

e cartii@. These fimctions reprbnt the basis for the @nical effects of crystal&e ., 

giucosamine sulfate. 

.‘. 

. 

Cartilage consists of an extracAh&u matrix that~tains proteoglycans, 

’ collagen, and water (6). The pmteoglycans are a protein core that contains 

glycosamino&cau side chains of varying lengths, Glucosamine is an 

, aminomonosaccharide arid is one of the building bkcks for the glycosamino~ycans, 

which am be found in the articular cartilage matrix and synovial fluid. Following oral 

admi&tration, glucoknine &om crystalhne glucosamine sulfak: isbioavailable to the 

joint tissues (7) and is preferentially incorporated by the chondrocytes into the 

: components of the glycosaminoglycan chains in the intact cartilage (g). ~,qstalline 

giucosamine sulfate stimulates the synthesis of proteogiycans and decreases the activity 

of cat&ok enzymes (9,10,11). These activities have been recently related to 

glucosamine-induced reversal of the negative effects of interleukin- 1 -stimulated 

expression of enzymes involved in joint tissue destruction and inflammation, such as 

metalloproteases, inducible nitric oxide synthase (iNOS), and cyclooxygenase-2 

(COX,-2) (12,13). This cytokine antagonism is achieved through an inlkitory ef%‘ect of 

the interleukin-1 intracellular signailing cascade in chondrocytes, and in particular by 

the suppression of NF-KB activation (13). 

The inorganic sulfates found in crystalline giucosamme sulfate are also believed 

to contribute to the physiological effeczts. Sulfates control the rate of synthesis of the 

glycosaminoglycans and proteoglycans that become a part of the mlage matrix. The . 

sulfhte serum levels increase after glucosamine sulfate administration (14). The 
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‘D. Crystalline Glucosamine S@fate Use at the Levels Nec&sa&ti 
Justify the Claim is Safe and Lawful . . ., 

Crystalline g~uc+wuiue ml&e is safe and iatil under the ap$ioable fm$ 

safety provisions of the FFDCA, as requized by 21 C.F.R. $103;14(b)(3)(ii). ‘II& 

FFDCA requires that dietary iugredients aud dietary suppl&&nts notpresent a’ 

significant or unreasonable risk of injury unger the conditions of use recommended or 

suggested iu the product iabelling, or if none, under the ordinary conditions of use 

(FFDCA$403f)). Asdiscussedmore~yinSection~.~below,thesafety of 

glucosamine is evidenced by c.liuical trial data, by its physical properties, c&em&al 

structure, and metabolic fate, and through experience based on widbspread use 

throughout the world. 



8’ l[iI., SuNlMARY OF $CIENTIFW INFOl3tMA~ON 
” . 

This section of the Petition ,wmma&es the publicly akaikble randomized 

con&&!ci clinical trials; xamhing the use of all fommlatiti of glucoaamine in the . : . I *, 
prm&tion of osteoarthritis-related joint deterioration, joint pain, and limitation of .’ . 
functioa We have divided these cliuical $udies into four separate categoriei: ‘ . 

(1) sysmtic reviews and meta-analyses, (2) clir+l studies conducted prior to 1994, 

which recognizably are not of the sye quality as’those published later, (3) clinical 

studies conductkd after 1994, and (4) studies performed with glucosamine forn&&ns 

; 0th~ tbt~~ crystalline glucos&ue sulfhte. 

: A. Systematic reviews and meta-analjlses 

a 
Since 2000, there have beeu three publications +Gng major systematic 

reviews and meta-a@yses examining the available litekature on glucosamino (all 

sources) and osteoarthrilis. We summarize the systknatic reviews in ,the oxkr of thek 

publication. Please recognize t@ the first two reviews were couductec prior to @ 

publication of long-term studies in the Luncet (2001) (15) and the ArchiVes sf Internal 

Medicine (2002) (16). 

1. MeAlindon I” et al. JAMA 2000: 283 :1469-75 Preference n. ln 

McAliudon et al. combined a meta-analysis with a systkmatic quality assessment 

to evaluate the benefit of glucosamine and, separately, chondroitin preparatkns in 

relation to osteoarthritis. The National Iustitute of Arthritis and Musculoskeletal and 

Skin Diseases (NIAMS) tided the ax&y&s. The authors limited their search ti, 

placebo-controlled trials of at least four weeks duration that had b&en published prior to 

June 1999. The author+ identified six glucosamine trials for their review (two of which 



+i+ not involve oral administration of glucosamine). Qf the six Gels revi- five 

invohed crystzdine gl~amkte sulfate. The authors noted moderate treatrnurt ef&t , 
sizes for ghmsamine on ostee symptoms and recognized that effect sizes were 

larger when treatment exctded four weeks. 
: * : 

’ . . 

: 

. Although the authors concluded that the effects of glucosamine may be . 

exaggerated, due to quality issues and likely publication bias, these findings must be 

. interpreted with caution. The authors did ‘indeed iaentify the pmsence of general quality 
:. 

issues for the trials reviekd, but the average quality scores they calculated for the 

g~~~osamine trials were similar to the standards reported for pee~reviewed medical . . 
j&nd articles and, admittedly, to that of other agents used in osteoarthxitis. The 

authors also presented asymmetrical tie1 plots (i.e., plots of the trials’ effect estimates 

0, 

against sample size) for the trials included in the analysis, which they concluded to be 

subestive of publication bias, as explained by Egger et’al. (18). The authors fded to 

note the Egger’s group finding (18,191, however, that funnel plot asymmetry is 

common (i.e., 38 percent), iu meta-analyses published in leading medical journals. (As 

will be discussed below, Cochraue Revie& tend to be more accurate.) 

The Egger’s group also acknowledged that asymmetry may frequently be due to 

factors other thau bias, such as true heterogeneity’(le., true diffkence of effects 

between trials). True hetekogeneity is very probable in osteoarthritis trials due @  

differences in patient selection, severity stages, and evaluat@u methods. Furthermore, 

.1) 

the authors depicted a combined fumiel plot analysis for glmosamine and chondroitin, 

but asymmetry seems to be much less pronounced for @ucosamine,. Finally, the authors 

&&ted they were unable to find evidence of unpublished, negative studies, which 

10 
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would wpport a finding of liketi bias. The Petitioner also is tamware of my such 

unpublished Fdies’fdr crysWn@ glucosamine sulfate. 

Notwithstanding the above observations, the authors conch&qd that glm 
. 

indeed exhibited moderate to large effects ok usteoarthzitis symptoms and they uoted’ 

that glucosamiue had a good safety record. 

2. Towheed et al. Cochrane Librarv, Uudate Software, Oxford. Eneland, 
2001: issue 2 (Reference a 201 

Towheed et al. published a more accurate and detailed meta-analysis as $ 

Codrane Review in early 2001. Towheed covered a similar period as McAlindou 

(1966 to November 1999), but considered a total of 16 randomized controlled trials, 

including a11 placebo-controlled trials examined by McAlindon (17). In addition, the 

Towheed analysis included 4 clinical trials controlled with a reference me&cation. The 

inclusion of trials controlled with a reference medication is of particular @xxtance 

because the standard pharmacological treatment for osteoarthritis symptoms consists of 

analgesics and nonsteroidal anti-iuflammatory drugs (NSAIDs). The trials in this 

review used NSAIDs as a reference treatment in the control group. 

All trials were randomized and double-blinded, and included a large overall 

population of 2029 patients (992 assigned to glucosamine and 1037 to comparators). 

The trials were short-term studies for osteoarthritis symptoms, with a mean trial 

duration of 6.25 weeks. The oral route was used in thti vast majority of trials, at a dose 

equivalent to 1500 mg/day @ucosamine sulfate in most instances. MO& trials: examined 

the effects of treatment on the knee. 

11 



The authors’ quality assessment of these stud%& using validated m&h* 

resulted in significantly difFerent,‘comments than those + previously by ,, 

McAlindon. Indeed, the authors of this review found that coliectively,~the glucosamine 

trial~were as good, if not better, tbanNSAID trials in treating osteoarthritis. The ’ 
.,I .’ . s. 

. : 
authors z&signed the glucosamine trials witb a totaLmedian quality score of 9 (out of a ‘.. ‘. 
possible i6): Importantly, there was a strong trend for improvement in quality for more . 

‘recent trials, with those published in the 1990s having amedian scored of 12 while 

,’ those published in the 1980s bad a mediari score of 7.5. 

The authors used Star&mixed Mean Differences (SMDs) asa measure of efkt 

siiq and in accordance with tbe literature, interpreted an effect ,size of 0.20 as small, 

0.50 as moderate, and 20.80 as large. The pooled SMD for pain reduction vs. placebo 

0 
was wry large at 1.40. The pooled SMD for function, as measured by the Lequesne.. 

index, was moderate at, 0.63. The moderate rating corresponded to a difference in the .. ., 
change from baseline vs. placebo of 3.5 points (Le., a change of over one severity class 

in the Lequesne’s handicap scale (21)). 

ln the four trials comparing crystalline glucosamine sulfate to NSATDs (t&e 

were no such trials involving other sources, of glucosamine), the authors reported that 

glucosamine was equivalent in two and superior in the other +o. The pooled SMD (to 

measure the effect size vs, NSAlDs) for pain reduction was considered large at 0.86 (3 

trial?] and small for purposes of joint function as measured by the Lequesne index at 

0.32 ffor the 2&ials. The authors noted therefore a treird for superiority when compared 

to NSADs and suggested tbat the use of glucosamine represented a possible major 

12 
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The authors’doncluded that there was good evidence that gh~osamine iis bot& ,’ .’ ., I. 
” 

effectitve and safe in treating os&oa&ritis. The authors noted that all but one of the 
. . 

l .’ trials nsed crystalline glueosamine sulfate and that the one trial with ghrcosamme 
I’, . . . . 

II hydro&loride gave less fhvourable, or at least more variable resnlts, The authors 

conclude that the glucosamine formulation and the presence of sulfates, therefore,’ seem .. 

to be important. The safety profile of glucosamine was considered excellent by the ‘. 

authors of this Cochrane Review, although the authors remarked that, at that time, 

clinical trials to test long-term efiicacy and safety were needed; (Such studies have 

since been performed and published) 

3. _RichvF. 

In the third and most refent meta-analysis, Richy et al. sought to separately 

evaluate the efficacy and safety of glucosamine sulfate and chondroitin sulfate. The. 

authors restricted their analysis to randomized, double-blind, placebo-controlled trials 

(thus excluding reference-controlled trials) examining the benefit of oral glucosamine 

sulfate in knee osteoarthritis, with results expressed by today’s state-of-the-art 

outcomes. These restrictions resulted in only 7 trials with glucosamine sulfate that 

could be included, only 3 of which had been included in the previous JAMA and 

Co&rune reviews. Five of the trials involved the Petitioner’s crystalline glucosamine 

sulfate and the remaining two trials involved different formulations of glucosamine 

sulfbte(23,24). 

The Richy me&analysis has particular merit because it addresses major 

recommendations noted in the two previous systematic reviews, namely, the need for 



I) 

:. . . 

(1) further highquali@, large trials and (2) long-term clinical triala These’ 

-&endations have been iu*d lhlfilled by two ~depem&t, high-quality, loug-.. ,, . 

tam trials performed with crystalline glycosamine sulfata--one published &I the 

;tancet[15) in2oOl,andtheotherin~~Archivar~fI~ternal~~icinein2~2 (16)-.: 

&at were not.available for consideration in the JAMA iy$ Cochrane nwibws but were 
. 

i&u&d in this review. 

Data were 8nalysed from 1020 patients in ghrcosamik sulfate trials. The mean 

qdty SCOe Of these &i8h W8s high: 90 percent 8ccordillg to the scoring me&d 

&@ed (and Sig&XZltiy bigher than i13 CboIIdroitin trials). The tW0 lOng-term,. three- 

y&r, trials of crystalline glucosamine sulfati (15,16) protided consistent results of 

T’ highly signifkant evidence.of 8 Structural efficacy of crystalhue glucosarnine sulfate, 8s 

ayessed by kiiograpbic joint space nanoWing. The low to medium effect size on this 

parameter translated into natural units that expressed a major effect of clinical 

significance, 8s explained in detail in the two single study reports (l&l 6). There were 

insuf%ient data to evaluate 8 possible structural effect of cbondroitin. 

The glob81 estimators used in this meta-arnlysis show substantial beneficial 

&“ts of crystalline glucosamine’ sulfate on symptoms of osteoarthritis, whether used in 

short-term or long-t&u clinical trials. The corresponding effect sizes tended to be 

lower than those calculated in the JAMA 8nd Cocbrane reviews, because of the more 

restrictive trial inclusions and the more conservative a&y& model, according to the 

au&m. The.two studies using other formulations of glucosamine sulfate (23,24) 

emerged 8s those With the lowest effect size. Unlike McA3indon’s 2000 JAMA meta- 
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B. Individual clinical &id : 

Uuless otherwise indicated, ah individual trials reportedih this Petition were 

randomized, cotitrolled intervention trials. All such trials cau be classified or rated as 

Study Desigu Type One according to the recent (July 2003) FDA guidance entitled 

%terim Evidence-based RankingSystem for Scientific Data”. 

As indicated in the Cochrane Review (20), there is an obvious diff&am in the 

quality of the studies performed in the 1980s with those .published afker 1994, with the 

later studies being of sigziificautly greater quality. According to the receut PDA I 
guidance document, the earlier studies could be assigned the ‘7” designator because 

some uueerta~ties exist,as to whether the studies. adequately addressed issues of 

scientific quality such as inclusion/exclusion, bias, generahzability, and data collection 

and aualysis. The trials published after 1994, however, have adequately addressed these 

issues and could be assigned the ‘*-I-” designator 

Our discussion below f@st summarizes the early clinical trials and then provides 

a stuumary of the higher quality studies published after 1994. There is a separate 

sectian that summatize s the clinical studies performed ou glucosemine foxmulatious 

other than crystalline glucosamine sulfate. Copies of these clinioal studies can he found 

in Att&meut 1, which contains copies of all of the refkences cit& in this Petition. 
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8, Placed&ontroktd studiq ; . . . . 

There were four randomized, plaoebo-controhed., doubie-blind, parallel-group 
‘. __ 

1’ studies published between 1986 and 1981(25,26,27,28) that were in&led in tbt 
. . 

Cdchraue~Re~ew (20). Each of these four studies used crystal&e glucosi&ne sulf&e .., 
. . 

at an oral dose equivalent to 1500 n&day of glucosamine sulfite. At the time of these ” . . 
s@ies, the pharmacokinetic studies (7) had not yet demonstrated the ability to 

admiister crystalline glucqsamine sulfate once per day. These studies involved the . 

administration of a 500 mg dose,thme times per day. 

., . . . 

Two of the studies (25,26) evahtated oral &n&&ration only. l%&antiet al. 

0 
(25) trreated two pa@el groups of 40 hospitalized patients (80 total patients) with 

osteoarthritis’at different joint locahzations for 4 weeks. Pujahe et al. (26) ttea@d,for 

six to eight weeks two groups with 12 out-patients in each group (24 toi patients) that : 

had been diagnosed with osteoarthritis of the knee. The studies used the Likert scale to 

assess the effects of tre@ment. Both studies reported a statisticillry significant decrease 

in Lilcert scales scores of the crystalline glucosamine sulfate treated group when 

compared to the placebo group in joint pa&tenderness, swehing, and movement 

limitation. In addition, 70-80 percent of the patients in the treated groups. showed 

positive results compared to only 20-40 percent positive results in the placebo groups. 

Significant clinical improvement WE& roached in the qtive group after the second week 

of treatment Tolerability was good in both studies v&h no dif!ferences between the 

treatment an$placebo groups. Drovanti (25) also reported no detected abnomntlities in 

fe& occult blpod an+lysis, indicating good tolerance of the.,gastrointestin;tlgastrointestin& tract for 

crystalline ghrcosamine suWe. 

16 



The other two clinical studies (27,28) had identical desigus and .outoomes and 

further support the tidings of the previous studies. Crolleaud DTBste (27) and 

DAmbrosio et al. (28) treated two small groups (30 overall in each study) of inpatienta 

wi$h either parenteral crystalline glucosamine sulfate ($0 mg/&y ghtcosamine fdfbj 
or a m%rence medication for a one-week period that was followed by a two-week 

treatment with an oral dose of either placebo or 1500 mg/*y of glucosamiue sulfate. 

The reports provide little information on the localization of the osteoarthritis in these 

patients. The studies report that the iuitial improvement on the usual pain and 

fig~tional parameters during the parenteral admiuistration was maintained and even 

increased during the oral treatment with crystalline glucosamine sulfate. These findings 

.’ further support the efficacy of the glucosamine sulfate X51)0 mg/day Ural dose. The 

studies also reported good tolerability for crystalline glucosamine sulfate, which is 

particularly relevantbecause the patients in the Crolle and D’Este (27) study had serious 

concomitant diseases and consequent treatments that were not affected by the crystalline 

gluc0samine sulfate therapy. 
* 

b. NSAID-controBed studies 

Vaz (29) conducted the first controlled study comparing glueosamiue with au 

NSAID. This randomized, double-blind study had two parallel groups of 20 knee 

osteoarthritis patients (40 total patients). In this eigbt-week study, one group received 

an oral dose of 1500 mg/day of glucosamine sulfate and the other group received 1200 

mg/‘day of ibuprofen. Pain relief ten@d to be slightly,better in the crystalline 

glucosamine sulfate group than in the group reoeiviug oral ibuprofen. The kinetics of 

the eff@, however, differed. The NSAID group reached its maximum activity within 

the first two weeks and then remained stable. The crystalline ghtcosamine sulfate group 
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. . ” 

at&in& the t+ne ltiei of’effikcy’ as the, ibuprofen group after &e tl&d d.d. . . 

: ; 

,’ 

.s~~atrendforacontinuaoe~~‘improvement. Tok&ilityalsotendedtobe~~; ,, ,: 
. 

better for crystalhire glucosamine s&ate, ahthough it didnot reach statistical 
. . 

. .’ 
. 

signEcanw. Vaz qmtkd no dif%ences at fecal occult blood%sting, which &s 
. . 

‘I ’ nomlal in most patients. 

ca O ther earlv clinical stud@ 3 

Although not fully relevant to this Petition because it involved the inticular 

route of adminiStration of crystalline glucosamine sulfate, the *dy by Vajakd@ (30) is 

included in both the JAMA and Cochrane meta&ysis and is therefore briefl? 

reviewed here, Atotal of 54 patients with knee osteoarthritis (out of 60) completed a 

S-week treatment course with weekly ‘intraarticular injections of either glucosamineor 

placebo. Knee paindecreased to a significantly greater extent and joint function 

improved in the treatment group. The authors also report good systemic and local 

safety. 

The Cochrane Review also mentions publication of-a post-marketing surveillance 

study by Tapadinhas et al; (31). This study involved 1208 patients with osteoarthritis at 

different joint localizations that were treated with crystall ineglucosamine sulfate in an 

open ffishion by ,252 physicians throughout Portugal. The treatment lasted for six to 

eight weeks w&h a mean of 50 days and a range from 13 to 99 days. This study is not a 

randomized, controlled intervention trial. The authors report that a tre@nent response 

was obtained in.over 90 percent of patients and that, consistent with other published 

studies, the effects of crystalline glucosamine sulfate persisted afIer cessation of 

treatment. The’authois also reported good results on the safety of crystaUine 

glucmunine sulfate, which is significant because the study involved patients receiving 
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pvious and concom i~t txeattueuts for @er dims& Only 12 percent df path& Y  -. 
experienced adveh effects with reactions that were; gene&y m ild, xeversible,,‘and, ., 

predom inantly af$cted the gastrointestiual m et. 

I. 2. Recent rjivotal clinical tialq : I I 

.’ L Short-term  ~ivotat trials “ys. &acebo.or vs. N$AIDs ‘. 

, ‘i Notack W  gi ait Osteoatihri& Cart 1994; 2: 5149 (lV3.10 - Refere- n. 32). 

In a large random ized, placebo-controlled, double-blind, parall&group st$y, 

Noack et al. evaluated the sy&orn efficacy and safety of crys~lliue g&mmine 

~ulfbte (equivalent to 1500 m ghiay glucosam ine sulfate). This studi involved two 

groups of 126 patients (252 total patients) with knee osteoarth&is that received either 

0 

crystalline glucosax+ue sulfate or placebo 0ver.a 4-week treatm ent period. The baseline 

Lequesne index for the patients at the start of the study was between 10 tid 11 points,. 

indicating that the sym ptoms  were m oderate to .severe. 

There was a decrease in the Lequesne index by over 3 points aBer 4 weeks in the 

patients receiving crystalEne,glucosam ine sulfate wQ.05 vs. placebo), with clinically 

significant improvem ent being evident beginning in the second week and continuing . 

them&z’. The responder rate after 4 weeks (cahl&d as a decrease of at least 3 points 

in‘the Lequesne index, together witha positive overall judgm ent by the irm atigator) 

indicated $2 percent of patients responde;d to crystalline glucosam ine sulfate while 37 

percent responded to the placebo, in the intent-to-treat population of 126 patienta in 

each group Q~O.016). 
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‘rol~~~~good~similaJtbetween~~~u~ al.kteand ., 

a 
. 

” . ,, phuxh, with asix pement incidence of mino$ adverse events in the crystalline 

ghtcosamine sul&e group and ten percent in the placebo group (with four percent and 

six percent related drop-out, incidence;, respectively). Foutine h&oratory te&s ate&y 
: 

and study completion did not show any ~liaically s&r&&ant modifications. * 
. 

ix MiWer Fassbendiw H et uli Osteoa&Ms Curt 1994; 2:6M9 - Reference no. 33) 

In a tkinstudy to the Nokk study (32), Mtiller et. al. evaluated the same 

crystalline glucosamine, sulfate dosage with,ibuprofen at the standard analgesic dose of 

.1$&O mg/day, for A weeks< Two hundred patients from a rehabilitation clinic, with lame 

osteoarbiti~ and clinical signs of joint flare, were randomized to the active treatments., 

The Lequesne index (modified by duplicating the pain scores to take into account the 

bilateral knee involvement in most of the patients) indicated a slightly more severe 

impairment as compared to the Noack study (32). Nevertheless, no rescue treatment was 

allow& with the only exception of a concomitant physical therapy program, for which 

there were no differences betieen the two groups. 

The responder rate, cal&ated with a method similar to that of the Noack study 

(32), was around 50 percent in both groups (48 percent with crystalline glucosamine 

sulfate and 52 percent with ibuprofen; p10.67), with a -40 per&& reduction in the 

bquesne index after 4 weeks. Consistent with the resuhs reported in earlier studies, the 

development of the symptomatic effect dif%red between the two treatments. sbugofen 

indutxd a faster, although not statistically signif?cant, symptom relief concentrated in 

the first two weeks while crystalline glucosamine sulfate induced a slower but constant 
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improvement that was superimposable to @at of the RSAlDS from the third week 

onwtird. 
. 

Crystdne glucosamiue sulh~ was significantly better toferated than ibuprofori, 

with adverse events reported in six percent of patients ~mpared with 35 percent with 

ibuprofk (p4.001). A related discontinuation rate of only one percent was n$orted 

for crystalline gluoosamine sulkte while the ibuprofen group had a seven percent rate 

(p=O.O35). Adverse events were xqtinly gastroht&inal ia natum, as e~cted with the 

mixed COXI-COX-~ inhibitor ibuprofen. No clinically significant laboratory changes 

,were observed. 

iu Qiu GX et al. Arznei@te&mchung 1998 ; 4% : 469-74 (Reference IX. 34) 

Qiu also conducted a randomized, double-blind study that compared crystalline 

gi~cosamiae sulfate (1500 mg gh~osamine sulfatek& with ibuprofen (1200 mg 

,ibuprofenkiay). This study confkned the short4ernr symptomatic effect of crystalline 

glucosamine sulfate in knee osteoarthritis in an ethnically distinct population (178 

Chinese patients). Knee pain improved v$h both treatments throughout the four weeks 

of treatment, with a non-statistically significant difference in favor of crystalline 

glucosamine sulfate, sustained for the two weeks of follow-up afkrtreatment 

withdrawal. Also in this case, adverse reactions and related drop-outs were lower with 

crystalline glucosamine sulfate compared with ibuprofen (~~6102 and p-0.0017, 

respedively). 
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Reginster et al. examined the long-term efficacy and ktfity of cryatallme . 
’ * ‘&~cosa@ne sulfate on the .risk of progression of osteoarthritis. A total of 212 @ ierds 

(mean age 66 ye; 76 percent females),with knee osteoarthritis (diagnosed using 

herican College of Rheumatology (ACR) criteria) were raudomized to continuous 

oral treatment with crystalline glucosamine sultite (equi*ent to 1500 mg glucosamine 

sul&ttc) once per day or placebo, for three years in a double-blind %&ion. Disease 

severity in temrs of symptoms and joint structure changes was mild to moderate. A&r 

three years, symptoms had improved to a significantly larger extent in the crystalline 

glucommine sulfiite group compared with placebo, as evaluated on the WOMAC index. 

subscales of pain and joint functior~ Percent changes on the global index indicated a 

-iO percent worsening with placebo and an improvement with crystalline glucosamine 

sulfate that was significantly different in both the i&r&ion-to-treat population and the 

per-protocol completers, and as high as 25 percent in the latter, 

This study also detected for the first time, a significant joint structure-modifying 

effect. The primary structural end-point was joint space narrowing evaluated by digital 

image analysis of the mean joint space width of the medial tibiofznoral joint 

compartment, as well as by visual inspection (with the aid of a magnifying glass) at the 

joint% narrowest point Standardized weight-bearing, antero-posterior radiographs of 

each kuec in full extension were taken at enrollment and after one and three years 

accordiug to state-of-the-art methodology at the time of study de&u. Placebo-treated 

paticnts suffered a mean joint space narrowing of approximately -0.1 mm/year, which 

is iu line with the structural progression reported in the literature for knee osteoarthritis. 



No narrowing occd on average in the crystalline &wosamine sulfate group and the 

final difTerences betw+n groupi were significant. Furthermore, 30 percent of patients 1 

randomized to placebo presented a severe mean joint space narrowing of more than 

0.5 mm, which may predict disabihty in the future, compared &th only 15 percent of ’ 
I ’ 

paeents on crysbilline glu&smine sulfate Cpe: 0.013). 

There were no significant difkrences between crystalline glucosamine sulfate 

and placebo $ frequency or pattern of adverse eve& Laboratmy tests did not show 

signifkant abnormalities on system organs or metabolic functions. 

The authors of this report openly caut$med against generalizing the results of 

this study to other sources of glucosamine. Reginster states “‘[i&r this study 

0. 
glucosamipe sulphate was approved as a prescription drug therefore, our results cannot 

be generalised to other glucossmine products (or compound mixtures) such as those 

available in some countries as dietary supplements” (15). In the accompanying editorial 

to the Reginster study, Dr. Tim McAlindon, Arthritis Center Boston Univexsity Medical 

Center and the @ i&pal author of the JAMA meta-analysis (17) notes “since 

glucosamine is generally self-prescriid, the likely primary beneficiary of this trial will 

be the nutritional-product industry rather. than the pharmaceutical company that 

sponsored the trial, even though the results may not be generalisable to the highly 

variable formulations of nutritional products”‘(35). 

In his editorial comments, McAlindon also defined-glueosamine for 

osteoarthritis as the possrble dawn of a new era in the treatment of this disease and 

characterized the Reginster trial as a landmark study in 0steoartbritis research (35). 
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the first report (36), a poor correlation between symptoms and radiographic joint 

structure parametek was~observed, as widely described in the‘scientific liteaatttre about 

. . 
osteoarthriti, progression. There was, however, a modest siguificant correlation 

between ‘knee pain and joint space narrowing. Interestingly, the symptom-modi@& . 

effect of crystalline glucosamine sulfate was significantly independent of baselirnjoint 

strucml damage and its progression. The latter was described inthe &ond 

report (37): patients with better-preserved joint stntcture at baseline suffered the most 

dramatic joint space narrowing after three years when receiving placebo and were those 

in which the Structure-modifying effect of glucosamine was more evident 

Pave&a K et& Arch Int Med 2002 ;162 : 2113-23 (N.B.15 -Reference n.36;) 

This trial independently confirmed the results of Reginster (15) with an almost 

identical protocol and patient population (202 knee osteoarthritis patients; mean .age 62, 

78 percent female). Throughout the three years of treatment, symptoms steadily 

improved with crystalline gbicosamine sulfate on the Lequesne index (from mild to 

moderate baseline values of 8-9 points) over the frrst year of treatment. This 

improvement remained constant until the’ end of the study, with a pattern that difkred 

significantly from placebo. After 3 years, reduction in pain, function limitation, and 

stifmess was significant for crystalline glucosamine sulfate compared with placebo on 

the WOMAC index and its subscales, and on the overall Lequesne in&x, with an e%ct 

size that was similar to that observed in the study by keginster. 

This study also reported a striking structure-modifying activity obtained with the 

‘same conventional method and similar effect size reported by Reginster (15). Pave&a 



&&ted dr progressive joint space narrowing with placebo at each treatmentyeaqwhile 

l 0 
‘/ ’ 

. 
no average loss in joint space wkhh occurred in glucosamine&ated patienta. %e (’ 

authors report that 14 percent of the patients on the placebo lost over 0.5 mm joint space 

width while only five percent receiving crystalline glucosamine sulfate lost 0.5’ mm of 
,’ * 

” joint space width @O.OS). The authors performed an analysis of secondary 
: 

radiographic fatures of osteoarthritis and’reported a &me-fold higher proportion’of 7 

worse&g osteophyte scores (according to a validated radiographic atlas) in the placebo . ’ 

group when compared to the crystalline glucosamhie sulfate group. Safety was again 

similar between crystalline glucosamine,sulfate &d placebo a&is described in.detail in 

the publication. 

As did Reginster, Pave&a warns against generalization of the results to other : 

glucosamine preparations other than this original crystalline gh8cosamine sulfate 

formulation. Pavelka states 

Glucosamine derivatives are popular dietary supplements in the United 

States and other countries, exploiting the opportumty provided by the 

American Dietary Supplement Health and Education Act and the clinical 

research data obtained with glucosamine sulfate approved as a 

prescription drug for the treatment of osteoarthritis in Europe and 

elsewhere. The latter was used in our study and in most of the previous 

clinical experiences; at present, it is diffkult to generalize these results to 

the highly variable and uncontrolled formulations of the other nutritional 

products claiming a glucosamine content. 
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It is interesti* to note that the structure-modiikation fir&ngs reported intIre 

Regixister and the P&e& studhs h&e been quest@& because of the use of tk L’ ., . 

conventional standing (hII extension) knee radiographic view (38). It baa been 

hypothesized that the major pain relief in the crystalline glucosamine sulfate ark 
, 

relative to placebo altered the positioning of the knee (favoring a better knee full’ 

extension) thatmight have confounded the estimate of joint spa- narrowing aud . . . 

,exaggerated the diffbrences between treatment groups. The conventional standing (fkll, 

extension) knee radiographic view was the gold standard at the time of the study design 

and recommended in scientific guidelines. None of the more recently proposed 

techniques, such as the new semi-flexedviews, have been validated in longitudiual 

studies (38). Moreover, although this criticism acknowledges the potent and previously 

unseen (with any other agent) iong-term symptom-modifying effect of cr@alliue 

g+xhsamine sulfhte, the Whors of the two glucosamine long-term trials have elegantly 

shown that pain rehef did not confound the assessment‘ofjoint space mwiug. The 

authors, therefore, have adequately validated their results with respect to structure 

modifkation, first in the Pavelka report (published in full a&x these criticisms were 

raised) and then in a joint abstract (39). 

c. Other recent clinical studies 

Two additional studies (40,41) were included in one or more of the 

Cocbrane (20), JAMA (17), or Richy (22) review articles,and meta-analyses; but canuot 

be considered pivotal for the reasons expressed below. A third study by F6rster et al. 

(42) was not included in any of the meta-analyses, but offers corroborative evidence of 

the safety and efficacy of crystalline glucosamine sul&e. 
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Reiohelt et al.’ (46) performed a randomized, placebo-contnilled, double-b&d 

trial cif glucosamin~ for six weeks using an intramuscular.Jnj~~~ of m I ., 

glucosamiue sulfate. The patients received two injections per week of 400 mg’if 
_’ .’ 1 ,_ 

glucosamine sulfate. This study has limited relevance to the dietary *upplemedtation of 
d . . , 

t3ystaUin~ glucosamine sulfirte because it $nGolves a diff&ent route of adminisbaticm. 

Nevertheless, .the @dy is S&cie@y large (1 SS patients with frnee osteoarthritis) and 

well conducted. The authors repo$t a significant’decrease in t&e Lequesue index ” ~ 

compared w@ placebo over the 6. weeks of treatment, which was (if cemparable 

maguitude to that observed with oral crysta1line glucosamine sulfate. The authors also 

report that intramuscular injection of crjstdline glucosamine sul&te had compamble 
_. 

safety to the placebo. 

0 
The second’study is of limited value because it is published only in abstract 

form (41) and is not widely publicly available as a full report This report ia, 

nonetheless, reviewed in the three meta-analyses (17,20,22) (with +ery high quality 

scores m .the latter two) and is therefore included here ascorroborative evidenoe. 

Further information about the study is publicly available from a product 

monograph (43). In this’double-blind study, 3 19 patients with knee osteoarthritis and 

moderate to severe symptoms (with baseline Lequesne index mean values around 10-l 1 

points and painvisual analogue scores 240 mm out of 100) were randomized to oral 

crystalline glucosamine sulf%e equivalent to 1 SO0 mg glucoaamiue sulfate once daily), 

or the conventional NSAID piroxicam (20 mgklay), ox! the combination of the two 

agents, or placebo. Treatment was administered for !2.k~elcs, followed by ari eight- 

week observation period without treatment 
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After4 week4 oftreatnien~ the cryst8lbe glucosamine sulf@symptom- 

m&iQhg ~e&Cts were virtu8lly su&pos8ble to those pwiouSly described, with 8, 

deere8se in the Lequesne index of 8round 3 points in aver8ge, simihu to that achieved . I 
with piroxicatn. Them&s, theirnprovement continued 8hnost Ene8rly with c&taUine 

I ’ 
’ glucosrmiue sulfW. The average decrease exceeded 4 points at the end of the 12 ’ 

-. 
weeks, while it remained around 3 points ‘tith piroxicam: both goups displayed 

&Gfkantly better,effbets than placebo Q%O.OOl), but crystalline glucos8mine sulfW 

tended to be better than the ~NSAlD (pQ.05). After w%hdraw8l of the agent 

admin&tr8tiOr& the crystailine gIucos8mine sulfate symptomatic etxllct w8s sustfiined fbr 

the S-week fo%wAup (pCO.Oi vs placebo), while the effect w8s rapidly lost with the 

pir@mn group. Combination of crysWine glucos8mjne sulfate with the NSAID 

tended to show a faster symptom relief over the first 2-4 weeks than each separate 

agent, ‘but it WBS sfbx~ards superimposable to crystslline glucosamine sulfate alqne. 

Patients receiving crystalline glucosamine sulf%e h8d 8 similar incidence of 

adverse events than those taking placebo, but significantly less than those in the 

piroxkam group (15 percent vs 42 percent, p<O.OOl, with 9 percent vs. 33 percent 

referred to the gastrointestinal tract) with fewer drop outs, Combination of crystalline 

glucosamine sulfate with the NSAD did not prevent the’adverse reactions f%om the 

. latter. 

F$&ly, FCirster et al. recently published, a&bough only in abstract form (42), a 

randaohized, placebo-controlled, double-blind study of the standard crystalline 

glucosamine sulfate once-daily formulation and dosage, in 160 patients with 

osteoarthritis of the spine. The substance induced a sign%cant improvement vs. 
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ploebo in most of the pain and functional parameters’evaluated over the C-week 

treatment GOUEB, Which was sustained for the 4.week follow-up without treatment, ‘&e. 

improvements were apparently more marked in the lumbar spine compared wit& the 

cervical spine (not reported). There were no differences between glucosamine aud ’ 
,, ’ 

tt 
placebowithrespecttosafety. 

3. CIinicaE trials uerformed with ducosamine formuiations ather thaq 
crvstalline elucosamine sulfate 

There are only a few.published clinical trials that have evaluated sources of 

glucosamine other than crystalline glucosamine sulfate. The Petitioner is unaware of 

any unpublished studies on these other sources of gluco&nine. The few published 

studies that are available, and.@at are reviewed below, have failed ,to yield the same 

consistent results that have been reported in the trials involving crystalline glucosamine 

sulfate. 

Houpt et al. (44) performed a study with glucosamine hydrochloride that is taken 

into consideration in botbthe JAMA and Cochrane reviews (but not in the meta- 

analysis of Richy et al., which deals only with glucosamine sulfate). A total of 101 

patients with knee osteoarthrit@ were randomized and dispensed either glucosamine (as 

hydrochloride, at a total daily dose of 1500 mg) or placebo for 8 weeks, Houpt used the 

WOMAC algo-fimctional index as a primary measure of outcome. With one exception, 

scores on the remaining 23 WOMAC questions tended to improve with glucosamine 

compared with placebo. The degree of improvement tended to be greater in the 

glucosamine group vs. placebo in all WCMAC subscales of pain, function, and sti&ess 

(-20 percent improvement with, glucosamine vs less than 10 percent with placebo). 

However, the di@erence between groups in the WOMAC score changes failed to reach 
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&ti~csl significan&; a patient daily diary for painshowed a statistically sign&a& 

,a 
. 

pain r&uctionfor ghtcosamine vs; placebo at some ppints during the study, Safety w+s 

similar between gh~cosamine and placebo, with 12 percent of subjects in both groups 

I . 
rypthng mild gastrointestinal symptom (bloating or cramps). 

, I 

” 
.As discussed in the Cochrane Review, it seems thatdifferences in e&aey may . . 

relate to dif5erences between glucosamine sulfate (in appropriate formulaticms) and 

hydroobloride salts. As ackuow@lged by Houpt in their introdu&o~‘the efficacy of 

crystalline ghtcosamine sulfate is well established while that of gluoosamine 
: 

hydrochloride is only anecdotal. Although detecting a trend for effic.acy for 

glitcosamine, the study by Houpt seems to indicate that there may be major diEerences .’ 

a 
between the crystalline glucosamine sulfate and the hydrochloride salt that wouid 

discourage the translation of efficacy results obtained with the former to preparations 

containing the latter substance. 

Rindone et al. (23) published a small (98 patients), randomized, placebo- 

controlled, double-blind, parallel-group, g-week study using an unspecified oral 

formulation and salt of glucosamine (although the study is considered in the meta- 

analysis by Richy as being performed with a glucosamine sulfate formulation)). To 

f&her challenge the poor statistical power of the study, the authors enrolled patients in 

appamntly more severe conditions than in other short-term studies with crystalline 

glucosamine suEate. As widely discussed in the paper to explain the study’s many 

limitations, the patients had longer-standing disease, were only men, were heavier, had 

much more severe disease f?om the point of view of radiographic,staging and, above all, 

w&e ~unresponsive to conventional symptomatic medications (60 percent of patients 



were aking NSAIDs or analgesics and were asked not to discontinue them). There 

a. were ito significant differences &etween glucosamine and placebo on the symptom $. , 

evahGti&s performed. Thirty-four percent of patients taking glucosamine repor&. 
: 

mild and self-limiting effects vs..i3 pement with placebo (2 related withdrawals Gth ’ 
I, . I 

glucosaminev8.4 with placebo). . 
._ 

.  

.’ 

Hughes and Carr (24) recently published a very small (40 patients/group) 6 

month, randomized, double-blind, pjaeebo+ontro&d study of a glucosamine 

formulation (potassium chloride glucosamine sul&e, plus ~vitamin C, calc&m carbonate 

aud manganese) not tested previously in any clinical trial to the knowledge of the 

P&@imer. The study was considered in the recent meta-analysis by Richy (22). The 

authors described the trial design as pragmatic in that they enrolled patients with a wide 

range of pain and other symptom severity and included ah grades of radiological 

severity, which is COIIMIY to the standard practice in o~eoarthritis ohnica~ trials. The 

patient population varied in terms of osteoarthritis severity with 10 percent of the 

population classified as a Kellgren ano Lawrence radiological grade 1 (doubtful 

osteoarthritis), and over 20 percent presented with, a grade 4 (severe osteoarthritis); 

patients on these extreme ends of the Kellgren and Lawrence radiological grade are 

usually excluded from clinical trials. To further complicate matters, almost SO percent 

of patients were on NgAIDs and were asked not to discontinue ,&em, making it difficult 

to assess the treatment efficacy and the rescue analgesic consumption. xndeed, there 

were no significant differences between glucosamine and placebo in any of the 

validated symptom end-points of the study. The placebo efFect was classified to be 

strong by the authors. Indeed the &hors report elsewhere that most of the patients 

misunderstood the study information and thought that everyone in the study was 



ret+ing glucosamine (45), tihich‘might have seriously b$ed the study. &is very 

e difficult to draw ani conclusion &I the e&&y of this glucosamine s’ulibte preparat&nr ,’ 

‘based on this trial.’ Also inthis case, safety was sin&r to that of placebo. 
‘, 

I : . ‘. 
In a prelimina~ study, Thie et al. (46) described a similar efficacy between a 

” ghrcosa&ne sulfate fo&ulation and ibuprofen in a small group of patients with 

osteoarthritis of the temporomaudiiular joint. 

IIn a small (34 patients with degenerative joint disease),. K-week, randomi.&, 

plscebo-contiolled, Ass-over trial, Lef?ler et al. (47)reported a significant benefit on 

tie9 osteo&tis symptoms with a combination of glucosamine hydrochloride, 

chondroitin sulfate, and manganese ascorbate. Similar results were rec~~~tly described 

by Das and Hammad (48) in a slightly larger group (93 patients only) of knee 

osteoarthritis subjects treated for 6 months. Although these are two favorable studies, 

&ye may be reservations on the relevance of such a small sample size for 

genera&ability of the results. In additioa, caution appears to be in order due to the 

likely metabolism of chondroitin sulfate. 

Chondroitin sulfate is a glycosaminoglycan normally present .m the cartiiage 

matrix and consisting of a high molecular weight, long chain of repeating uuits of 

differently sulfated residues of ghrcuronic acid and N-acetyl galactosarnine, obtained 

with extraction processes from animal tissues. It is used in some countries for the 

treatment of osteoarthritis under the rationale that it is speculatively similar to that of 

glucosamine sulfate. The rationale is difficult to understand given the major diffemr~~es 

.in physico-chemical properties between the two (Le., a macromolecular tissue extract 



0 

~ompatred to a low moledar wei@ pure glucosamine sulfate). Actually, &al 

absorption of high molecular mass polymers is que@ionable. Pharmacokinetic . . 

studies (49) have shown that after oral administration the largest peak consists of one of 

the constituent monomers, N-ace@-galactosamine, whichis probably responsible f& I.’ 
#’ 

” the beneficial activity, although absorption of a small &action &igh molecular weight 
. . 

chondroitin sulfate cannot be excluded. %ry early studies had shown that l$acetyl- ._ 

galactosamine might induce metabolic activities similar to that of its precuxW 

gluc0samine, although with a lower~potency (SO).’ It may be specmlate~ therefore, that 

‘. the clinical activity reported for chondroitin sulfate in some clinical trials may be 

,.. sjpilar to that of low’ dose glucosamine &f&e. 

Based on anecdotal evidence, it is sometimes claimed that a comb+ation of ’ 

0 
dietary supplements containing chondroitin sulfate and glucosamine-derivatives may 

offer added value in the treatment of osteoarthritis. H&ever, there is no scientific 
. 

proof for this claim and, on the basis of the discussion above, the rationale of such a 

combination is also weak because adding chondroitin to glucosamine would presumably 

only slightly increase the dose of glucosarmne. The’two very small dlinical trials 

reviewed here (47,48) do not allow one to distinguish be&veen the effects of 

glwxamiue alone or of the combination, It seems, therefore, that combinations of 

glucosamine and chondroitin sulfate cannot benefit from the claims proposed for 

crystalline glucosamine sulfate. 

c. Level of crystalline glucosknine sulfate needed to justify the 
Ciaim 

As is described in the above summary of scientific evidence, the clinical studies 

consistently used 1500 mg/day of glucosamine sulfate, Cxxrespondin~ ‘to 1884 mg of 



0, 

crystalline glucosamine sulf’rttt. The Petitioner cousidem this to be the optimum level of 

intake beyond which the healthbenefits of crystalliqe glucosamine sulfite have not,- ’ 

demonstrate clinically and thus are not to be expected. The’Peti4ioner is unaw@e of 

any level at which an adverse-effect from crystalline glue osa&bm~~wouldbe ’ 
I/* * 

expectrxl to occur. The Petiti oneris aware that certain populations, namely, individualk 
. 

with diabetes, may need to receive careful monitoring while taking crystalliue . . 

glucosamine sulfate, as it has been suggested-but not established-&at crystal&~ 

glucosamine sulfiite may increase iqllin resistance. 

In the Uuited States, crystalline glukxxamiue sulfate is available as caplets of 

7!$? mg glucosamine sulfate and as sachets of powder for oral solution, dosed for once- 

daily administration of 1884 mg crystalline glucosamine suEate (1500 mg glucosam& 

sulfate). This latter formulation is particularly relevaut because it is the formulation 

used in the latest clinical trials, inciuding the long-term studies. 

D. Global analysis of safety 

The safety of glucosamine for use as a dietary supplement is supported by the 

numerous clinical trials, by its physical properties, chemical structure, and mkabolic 

fate, and by experience based on widespread use in the United States and throughout the 

world. The safety of crystalline glucosamme sulfate is also acknowledged by the three 

systematic reviews and meta-analyses that have published. 

1. Clinical trial data 

Several recent chuical trials and the meta-analysis publications in prestigious 

clinical journals (e.g., Lance& Journal of the American Medical Association, Archives of 

Interpral Medicine9 Cochrane Library) provide a coherent scientific assessment about 



the e@kacy wd saf&y of glucosamine. mse publications reflect agreemeat in the 

scientifk community that glucosamine .wppl~entatiqnprwents no signScant or 

t3mwmable risk of iihkess or injury. 

YJI the, pivotal short-tezxn clinical trials for crystalline gb@ownine sulfkte 

(32,33%34), the incidencq of patients reporting adverse events on g&osamine ranged 

between six and 12 percent with drop-outs due to adverse events in less than four 

percent of the patients. Importantly, none of the studies reported statistically or 

clinically significant differences between crystalline glucosamine sulfate and placebo in 

the incidence of adverse events or safety related drop-outs. In the trials comparing 

crystalline glucosamine sulfate with NSAIDs, the NSAJD groups consister~tly had a 

significantly higher incidence of adverse events and safety related drop-outs than the 

group receiving crystalline glucosame sulfate. In those, rare instances when patients 

reportd adverse events, they generally involved,mil~ and transient reactions associated 

with the gastrointestinal~system such as abdominal pain or discomforti nausea, diarrhea, 

constipation, and/or meteor&m. Other reported adverse events include headache, 

diziiness and minor allergic reactions such as cutaneous rashes with erythoma and 

itching. This pattern of adverse events was similar between crystalline glucosamine 

sulfate: and placebo in all trials. 

The pattern of adverse events described in the short-term pivotal clinical trials is 

similar to that described in all of the other short-term tiials (40,41,42,43). No study 

reported more than 15 percent of patients in the glucosamine groups experiencing 

adverse events. 
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Tlie long-term pivotal triais are p”icularly imporuul~ as they allo* .tlle . 

a, assessment of eo&&d safety buring prolonged use, which is seldom, if ever, . 

descrii for agents used& osteo&hritia. IIn both the Regmster (15) and the paveti. 

(16)trials,thesafetyof~~~~gluoosaminesufate~wass~tothatofp~~.’ 
1’ ’ I 

/ 1 Because these studies invoived 1ongAerm administration of crystalline gluoosamme 

sulfate in elderly patienta, it is not surprising that most of the patients in the %.eginster ‘. 

study reporkd at least one adverse event with crystalline, glucosamine t3ulfitteor 
I 

. placebo, 94 percent and 93 percent, respectively. The patients in the Pavkka kudy had 

a slightly lower rate of adverae events in the crystalline glucosamine sulfate and placebo 

I groups of 66 and 64 percent, respeqtively. The adverse events, however, involved mild 

to moderate and transient eventa iu the crystalline glucosamine sulfhte and placebo 

groups consisting of abdominal discomfort or pain, dyspepsia and n&ea, or disturbed 

defecation. Musculoskeletal adverse eventswere likely related to osteotiti, 

treatment+mrelated cardiovascular events were also common in this elde+y population, 

as were urinary infectioxh and seasonal respiratory tract &&ctions. Few and sporadic 

serious events were also reported in both the crystalline ‘glucosamine sulfate and 

placebo groups, with no “signal” for any ioxicity being detected with the active 

treatment. 

In all short-term and long-term clinical trials, there were no modifications of 

routiue laboratory tests during treatment with crystalline glucosamine sulfate. 

2. Prouerties and Metabolic Fate 

The mechanism of action of glucosamine, briefly reviewed in section II of this 

Petition, does not account for any particular toxicity pattern of crystalline glucosamine 
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t&ate. Unlike NSAlDs, glucosamine does not &hibittype 1 cyclooxygenuse (COX-l), 

which explains the significantly better safety pattern at the ti&lkveL 

Osteoarthritis is a&ronic disease that involves a major&y of elderly patknts, 
8 ’ ’ 

who frequently receive treatments for concomitant diseases. Gl~~~.pamine does not 
‘. 

compete for absorption mechanisms and, after absorption, does not bind to plasma . 

’ proteins. The metabolic fate of this endogenous subs-e is mainly the incorporation 

in proteogly~ans or degradation independently of the cytochkme enzyme ‘&stem. The .’ 
physico&emical, pharmacokinetic, and metabolic properties of glucosamine suggest a 

:low potential for adverse eEe@s and a ltiw potential for drug ir@mctions. With regard 

to ‘the latter, the c&ical studies have found no evidence of any drug interactions. I 

Recent animal experimental studies with supmphannacological intravenous 

doses of glucosamine suggested that the compound might increase insulin resistance 

through a complex interaction with the so-called hexosamine pathway (one of the 

altemstive routes of glucose metabolism) (5 1). Two recent human studies using 

extremely high intravenous (52) or even intraarterial (53) glucosamine doses indicated 

that such a mechanism is probably not operating in humans. These studies did not 

detect anef%ect on insulin sen&ivity, secretion or action by glucosamine administration. 

Indeed, a recent report (54) clarified that fasting plasma glucose levels were not 

modified by the short-term crystalline glucosamine sulfate administration, even in 

patients with hyperglycaemia at baseline, nor iti .the long-term pivotal trial by 

Reginster (15), where fasting blood glucose even tended to decrease, on average. In the 

long-term study by Pavelka (16), four patients developed diabetes during the study, but 

three were on placebo and only one on crystalline glucosamine sulfate. 
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A very recent report (55) .evaluated a small group of 26 elderly patients with ,,. 

type 2 d@betes, &iving daily supplementation for 90 days with a combination of lSfI0 

mg glucosamine hydrochloride and 1200 mg chondroitin su&tu or placebo (in a 
Id .. 

randomized, double-blind setting). No patient had any change in their diabetes 

. 

management during the study. Therewere no significant differences betwe& groups in : 

post-treatment haemoglobin Al, comxntrations, nor were there any significant 

, differences w#hin groups before and after treatment. Ahhoughthis nq+ is massur& 

given the differences between crystalline @ucosamine su&te and ghtcosarnme 

hydrochloride, the results of this study should not be genemlized to:crystalline 

ghfcosamine sultkie. 

The clinical studies published to date have failed to report any findings 

establlishing concern with the administration of crystalline @ucosamine sulfate to 

diabetics. The data in this patient population, however, is recognizably relatively 

scarce. 

3. Experience based on .use 

The extensive use of glucosamine products ~%hroughout the world also supports 

its safe use. In the United States, glucosamine products are among the most widely 

marketed dietsry sup@ments. In one recent U.S. market analysis, glucosamine was 

ranked as the 11’ best selling supplement in the Uuited States; in a dietary supplement 

use survey, ghxosamine was ranked as the fourth most common supplement among a 

randomly selected sample of 2590 adult men and women (National Academy of 

Sciences, Institute of Medicine, Safety Review: Draft Prototype Monograph on 

Glucosamine (Jan. 2003)). Although widely consumed as a dietary stipplenmt, the 



p&shed li@rature &m&ins fkw ‘repor& of adverse events. Ad+ events~tb@ 9 

e 
. ‘. 

attributed to &co&nine are generally mild and transient, and o&n relate to 
f 

(‘I. : ‘. ‘.’ ._ 
gastrointestinal cdncems. 

‘_( .. .., 

Althq& crystalline glucosamine sulfate is regulated as a dietary supplement in. ’ 
” ., .: 

the Ikited Stat&, it.ti been available as a prescription drug in over 40 countries Of&e .. 

world for over two ckcades. Among the counties in wl$cF glucosamiue is regulati as 

a’drug are se?~ co&tries &hi.nJhe European Comqunity-EC (I%&@, Germany, ” 

Greece, Ireland, Italy, Portugaland Spain) and several other European code& (Baltic 

countries, Bulgaria, Czech Reptiblic, l%qary, Polanh Rumania, Russia, Slovak . 

Republic). The sibstance%as be&n extensively used in, practice (aq evident irom market 

data) on a wide geographical l&is tbrough~ut the world, but no safety issues have been 

raised through the pharmacovigilance monitoring sy&em in Europe and in other 

countries where the substance has aprescription dmg status. 

, 
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a l% HIGH $MiKJNG FORTHE ST’RENG~ OF T’Eb 
EVJDENCE FOR ‘JBE~PROPOSED HEALTH CL&M : ’ 
FOR CRYSTALLINE GLUCOSW ~SULFATE 

The Petitioner has evahtated the strength of the total body ,of evitie &at 
, ’ 

’ suppc~rts the proposed claim for crystalline glucosamine sulfate according tothe FDA 

guidance regarding..sign@ant scientific agreement (Guidance for &+idus~: @@cant . 

Sciendzjk Agreement in the Revzkw of Health ‘Claimp for. Convmztional Foodr and 

Dietmy Szpplenzents~ and recent guidelines concerning the rev&w of so-&led 

‘~qualified health claims” (Interim Evidence-based Ranking Sptern for Scientific Data). 

In the opinion of the Petitioner, availabie evidence reflectasignifiknt scientific 

agreement among qualified experts that crystalline glu~osamine sulfate reduces the risk 

of osteoarthritis-related joint deterioration, joint pain, and limitation of function. 

e ’ 

Should FDA disagree, however, the Petitioner would be willing to consider review of 

the proposed claim as a “qualified health claim,” as de&id in agency guidance of 

July I 1,2003. In light of the extensive research to date addressing the relationship 

between .crystalline glucosamine sulfate and osteoarthritis, the proposed claim is, at a 

minimum, a “Category B” claim for which the scientific evidence may be described as . 

supportive but not concmsive. 

e 

The clinical studies convincingly establish that au oral dose of crystalline 

glucosamine sulfate (1500 mg of glucosamine sulfate/day) is an effective therapy for 

patients $th mild, moderate and even severe o&oar&r& by reducing joint 

deterioration and accompanying joint pain and limitation of function. Indeed, existing 

clinkal practice guidelines for osteoarthritis published by major s&ntific. organizations 

support the use of crystalline glucosamine sulfate in osteoarthritis. The two most 
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publication of the Cochran~ review (201, the me&analysis by Richy (22) and tbk l,&& 
,‘I 

terq~ pivotal trials by Reg&er (15) a~+ by Pave&a (19. 

The 2000 EULAR guidelines (4), in’ their evidence+ased assessmemt, support’ ,’ 

&e shatdrmefficacy of glucosaq@e on pain reduction ar&improved function. The ’ 

guidekes acknowle!ge the potential for disease modification by placing crysta&e 

glu~omnine sulfate in category lB-indicating a “high category of evidexxe” in 

supprt of the recommendation. The highest category of evidence is 1A a&at the time - 

of the 2000 publication, the EULAR placed only NSAIDs and patient education in the 

1A category. The EULAR has since evaluated the new data on, crystalline slucosamine 

sulfite and has updated its practice guidelines (Osteoarthritis Task Force: XXI&AR 

~cormmendatiolls for treatment of knee osteoarthritis - 2003 Version, presented during 

the Arumal European Congress of Rheumatology - Lisbon, Portugal, 18-2 1 June 2003 - 

Full report publication due in the fall of %lO3). Glucosamine sulfate has now been 

placed in category 1A indicating that there is the highest level of evidence with a very 

large effect size and very high quality clinical trials supporting its efficacy inthis patiat 

population. 

A.four-member ACR subcommittee issued a consensus guideline in 2000 (56) 

&at recognized glucosamine among @e agents under investigation and stated that 

“while a number of studies support the efficacy. . . for palliatiorx ofjoint pain. . . the 

subcacmmittee believes that it is premature to make spedfic recommendationa * . . .” 



tig~432 has not yet updated these guidelines to c~nsidertlte compelling U a, 

crystaliine glucosazke sulfate pubWed s&e this earlier revicw, Hochberg,, c&e of ,, ’ 
_” ,e . . 

the four members of tde ACR subcommittee did publish an ‘%formal update” of the ., 

ACR guidelines in 2001 With a paper e&&xi ‘What a dil%mnce a year makes: ’ 
,.I ,,’ 

reflections on,the ACR recornmendatio~ for the medical management of 

. osteoarthritis” (57). 3x1 this paper, Hochberg reviews the new evidence appearing in the .., 
. 

year following the ACR guideline publication that stress, among others, the 

s~nmxwiation for the use of glucowe. Hochberg acknowkiges tlk diB@nt ’ 

evidence-based perspective of the EULAR guidelines and, especially the appeammx m 

early I2001 of the glucosamine Cochrane Review and the long-term @ial by Reginster. . 

With 8 particular emphasis on the original crystalline g@eosamine sulfate preparation, 

Hochberg’s analysis encourages the US. medical community “to reassess the use of .’ 

.glucosamine as 8 fkst-fine agent at least for patients with knee osteoarthritis who &aye 

mild-to-moderate pain”. 

Hochberg’s focus on patients with mild-to-moderate osteoarthritis derives from 

the emphasis placed on Reginster’s long-term study, later reinforced by Pavelka’s study. 

/&hcagh this focus is defhritely correct for the reduction in the risk of osteoarthritis 

joint stnwtwe deteridon, Reginster’s group has shown that symptoms are relieved by 

glucosamine irrespectively of baseline disease severity. In addition, the short-term trials 

reviewed here indicate the symptomatic e,ffect of crystalline glucosamine sul@e also in 

The slightly different recommendations coming out of these Euro@xur and U.S. 

expert bodies is not surprising. There are major differences in the perception of the role 
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. . 
: 

of gluws8rnitle for o-tis in tile JJ@ed states rind in Europe. whjle cxystailixie 

glucoknine skate is regulate&nmuch of Europe +s a pres&ption drug, it and ow . 

forms of glucosamine are regulated as a dietary supplement mt@ United States. ?he 

tepid recommendation hm the ACR~onsensus guideline may very well refl&‘the 
,’ 

,‘I 

conceilltl in the, U.S. medical community that patients with o&xx&&is will try to se& ‘. 
. . 

medhte’without fiqt seekirig the htewktion of a medical pro&ssionall. In addit& ‘I.’ , 

,’ most patients lack the sophistication to distinguish the various sources of glucosamine 

and may chose a formulation other than crystalline. glucosamine sul&te which is the 

st&erdized formulation with Abust clinical data supportive ofits use. Regardas of 

: the reason for the d&rent ‘recommendations, Ho&berg’s ‘Wbrmal &at&’ of the 

20 ACR consensus guidelines does recommend the use of crystalline glucosamine 

sulfate in osteoarthritis pat&& with mild to moderate pain. 

While we recognize that data in this Petition convincingly establish that 

crystalline glucosamine sulfate has been proven to be an effective therapy for’ 

individuals with osteoarthritis, the data also establish that crystalline glucosamine 

sulfate is effective at reducing the risk of developing asteoarthritis joint structure 

degradation, pain, and limitation of function. FDA has previously recognized that it is 

appropri@ to consider clinical studies involving a diseased population to support a 

health claim for a reduced risk of developing a disease. Perhaps most relevant are the 

extensive data supporting the cardiovascular benefits of omega-3 Mty acids in ~tients 

with car+ovascular disease. 

When issuing the .qualified health claim for dietary supplements of omega-3 

fatty acids, the agency spe&ically recognized that “the evidence tirn interventional 



u-i&s yvith CHD as an endpoint is strongly favourable in a d&eased population shop 

that otiega-3 fatty acid intake is related to reduced risk of CDD” and “that the& is ’ 

,suggestive evidence that the benefit on CHD reported iu populations will ca$y. 
. . 

over to the genqal population because omega-3 Wy acids hati similar physio~ogi& 
/’ 

,’ .’ 

ef@cis in bo& diseased and general populations” (Letter fivm Christine J. Lewis, Ph.D., . . . 
to Jonathan W; Emord, Est$ (Oct. 3 1,200O)). Although the agency cited the absence’of *. 

controllid studies in the healthy populatiou as one of the.factors preventiug a fmding of . 

SignitiiCmt +dfiC a@WXUfXlt for omega-3, fatty acids, the .Petitioner believes that the 

cli&al studies on crystalline glucosamiue sulfate provide an even more cornpeiling 

qse thsn those studies ivith omega-3 faity acids. 

The physiological effect of crystalline ghmosamine sulfhte is well charaoteri&.’ ,. 

Crystalline glucosamine ‘sulfate not only provides one of the building blocks for 

cartilage synthesis, but it suppresses those enzymes, that in patients with ostwarduitis,. 

create an imbalance by breaking down cart+ge at a’ faster rate than itis synthesized, 

Crystalline ghrcosamine sulfate will have the same physiological impact in the healthy 

population, as determined by clinical &u&es of patients with “mild osteoarthritis,” a 

patient population quite similar to the general population, 

The clinical studies are supportive of the use of crystalline glucosamine sulfate 

in ~,c;teoarthritis prevention, particularly those studies thatevaluated patients with a mild 

fim of the disease. Indeed, Hochberg (57) specifically recommends the use of 

cryssalliire ghtcdsamine sulfate iu patients with mild osteoarthritis. The long&m study 

of Regiuster (15) fhrther supports the ability of crystalline glucosamine sulfate to reduce 

@e risk of developing osteoarthritis. Reginster demonstrated that the protective e&c& 



: 
py2ntaive effects of crystalliue glu~osamine ,su&te * this patient population with : 

,*’ \ 
“mild osteoarthritis,” a patient population very simikr fp the “healthy populatio&” ’ ’ . 

I’ combined with the well-known xu&a&u of action for crystalli.ne glucosamine sulfate : 

support the ability of crystalline glucosamiue sulfate to be effgctve in preventing the 

,, onset.of OsmartlGtisl 

. . 
The Petitioiei believes that ,the evidence in this Petition establishes that there is 

s@ificant scientific agreemeut among qualified experts to support the proposed health 

claim for crystalhue glucosaxixine sulfate (i.e.,, a Wgh level of co&o* that is not like& 

to, be reversed by new and emerging evidence). Acc~r&~gly, it is the opinion of 

Petitioner that the proposed claim should be allowed as a First Level Scientific Ranking 

and FDA Category A health claim. To the extent that FDA disagrees with this 

assessment, Petitioner would accept classification of tbe evideuce into FDA Category B 

and the appropriate qualifying language that would need to accompany such a health 

claim (i.e., “although there is scientific evidence supporting the claim, the evidence is 

n0t conclusive”). 



0 V. GLiJCOSAM[NE FORbfULATIONS $XMER TH24N ’ t 
CRYSTALLINE GL@COSAMINE SULFATE Ilk-D NOT 0 ’ 
EAVE THE SAME BODY-OF EVIDENCE TO SUPPORT 
ANYCLAIM . . 

Althoughseveralfo’rm9 ofglucosamineare~~~for dietary . ’ 

.’ supplement use .iu the Uuited States, crystatiiae glucosamiue sulfate is the only f0nn of 

glucosamine that has been studied extmsivelyw ch$allhe glu~omnine sulf+te was 

recently refmd to in the USPMF 2003 qs Glucosamine Sulfbte Sodium Chloride 

. (~rystahiue ghkamiue sulfate) that, when dissolved iu vv&er, gives a solution 

containing glucosmine, sulfhe, sodium and chloride ions in stoichimetric ratios of 

2:1:2:2.’ For simplicity, this specific substauce is refwto iu the clinical and other 

scieutiffic literature as glucosaqiue sulfate. Other forms of ghtcosamine include 

glucosamine hydrochloride, or N-acetyl-glucokuniue or other, sometimes unspecified 

“glucosamine sillfhtew foruullatious. 

These other forms of glucoskniue (i.e., glucosamine hydrochloride, N-acetyl- 

glucosamiue, oi other “glucosamiue sulfate*’ fonnulatious) may not share the same 

quality, phannacologicali pharmacokiuetic a& especially, clinical properties of 

~rystdline glucosamiue sulfate, The pubhcly available data establish that the aame 

degree of confidence applicable to crystalline ghmosamiue sulfate does not apply to any 

other glucosamiue fonnulatious. There are few clinical trials performed with 

fonuulatious other than crjstalliue glucosamiue sulfate aud those studies that have been 

conducted geuerally future small sample sizes with less cousistmcy in results when 

compared to the studies with crystalline ghtcosamine sulfate. 
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physiological difkences between the various sources of ghmosamine. Asstated 

throughout this Petition, these differences in+ude the following: .’ 
I ,’ b : 

e Other soumes of glucosamme have not been shown to be bioe+tivalent ‘, 

with the crystalline glucosamine sulfate formulations used in clinical 

trials. /’ 

o The clinical trials conducted on other sources of glucosamine have 

yielded less consistent results than those with crystalline glucosamine .’ f 
sulfite. 

l The inorganic sulfates found in crystalline glucosamine sul@e are also 

. believed to contribute to its physiological efFecta These inorganic 

sulfates are not found in other sources of glucosamine. Sulfates control 

the rate of synethsis of the glycosammoglycan and proteoglycan that 

become a part of the cartilage matrix. The sulfate serum levels increase 

afier glucosamine sulfate administration (14). The importance of sulfate 

in the cartilage synthesis process provides ,further support for using a 

source of glucosamine that provides sulfates. 

The published literature also is replete with statements cautioning against the 

genemlization of the results from studies involving crystalline glucosamine sulfate to 

other soiuces of glucosamine. We repeat below many of the concerns that have been 

expressed in the scientilk literature: 



0 The authors of the Cochrane review (20) noted that all but ati. of the 

trials’used-~~eglucosaminesulfateandthat~onetrial~ . . ’ . .’ ;’ ’ 
glucosamine hyd.ro&loride gave less favourabh$ or at least more 

I/(* 

. . 

variable results. The authors conclude that the ghu?osamine form@tion 

and the~presence of suEates, therefore, seem to be important. 

0 The meta-analysis peformed by Richey (22) noted that the two studies + 

using other formulations of glucosamine sulfate (23,24) emerged as 

thcke with the lowest.efFect size. 

o Reginster states “[i]n this study glucosamine sulphate was approved as a 

f prescription drug, therefore, our results cannot be generahaed to other 

e 

0 

glucosamine products (or’compound mixtures) such as those available in 

some countries as dietary supplements” (15). 

0 In the accompanying editorial to the Reginster study, Dr. Tim 

McAliqion, Arthritis Center Boston University Medical Center and the 

principal author of the JAMA review (17) notes ‘%ince glucosamine is 

generally selftprescribed the likely primary beneficiary of this trial will 

he the nutritional-product industry rather than the phamkeutical 

company that-sponsored the trial, even though the results may not be 

generalisable to the highly variable formulations of nutritional 

products” (35). 

l Pavelka (16) states “fg~lucosamine derivatives are popular dietary 

supplements in the United States and other counties, exploiting the 

opportunity provided by the American &tary Supplement Health and 

Education Act and the clinical research data obtained with glucosamine 

sulfate approved as a prescription drug for the treatmer? of 0steoarWtis 



1 .* , 

.’ 0 

in Europe and elsewhere. The latter WBS’ used in OUT study a& in moat of 

,the Ijrevious clinical experienGes; at pmsen$ it is dif6Gult td general@, 

these results to the highly variable and uncon~~ formul&iona ef the 

other nutritional,produ~ts claiming a gl~~0samine~Gontent.” 
,: 

. Houpt (44) notes in the introductory remarks on his study of glue, 

~hydroGhhidl3 that efficacy of crystalline f&COsaarine sulftrte&,well . ,. 

’ established, while that of glucosamine hydroGhloride is only anecdotal. 

G iven the concerns eipressed in the scientific commtmity and the differerxes 

/ .&mqen crystalline gh~cosamine sulfate and‘other forms ofglucosamine, it simply is not .: 
possible to generalize the findings in the crystalline gluco&unine sulfate clinical studies 

to other sources of glucosamine. ’ 

Limitation of .the.proposed health claim to crystalline glueosamine sulfate is 

consistent with the accepted principle that health claim eligibility must be rest&ted to 

the specific substances for which the claimed health benefit has been demonstrated by 

credible scientific evidence. In the ease of health claims regarding specific types of 

soluble fiber and coronary heart disease (CHD), for example, FDA deterxnined that 

soluble fiber is a family of heterogeneous substances that differ siguificantdy in their 

effect on CHD liisk. In the final rule that established the health claim regulation 

(2 1 C3.k § 10 1.8 I), the agency decided to authorize the G laim for one type of soluble 

fiber only-beta-glucan from whole oats-for which the available data demonstrated a 

benefi&l effect’on CHD risk (62 Fed’. Reg. 3583,358’3-88 (Jan. 23,1997). l?DA 

encouraged manufacturers to Petition for a claim for additional soluble fibers if there 

was evidence to demonstrate a beneficial effect of such fibers on serum lipid levels and 
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t& .riak Of heart disease. (Id) Indkd, PDA intentionally structured the initial health 

~]aim’regulatiou to f&it&e its subsequent amendment as evidence became available to. 
: I 

suppOrteYctekonofthecl aim to other sources of soluble f&k As anticipatad, FDA 

later anxmde/l the health claim regulatkxu to include s&i&~ f%&from psyllium sqeit ’ 
,*,* 

‘husk. and 0atrim-s beta-ghuxm soluble fiber fraction that is produced from alpha- 
. 

amylaae‘hydrolyzed oat bran Or whole O& flour. 

The same case-by-case approach% warran ‘ied for health claims re&ud.i@ 

crystdline glucosamine sulfkte and osteoarthritis risk. As with the soluble fiber, there 

, q? physiological differences in the variOus sources of ghlcOsamine that require the 

health claim to be specific TV each source of ghrcosamine. .Moreover, the pmOedent 

a 
established by the soluble fiber health claim establishes &at manufkturers Of Other ,I’ 

sources of ghtcosamine must develop the dataand Pet$ion WA for inclusion of their 

substance in the health claim. A similar approach is warmnted here. 

In addition to the absence of clinkal studies supporting the efficacy of other 

soumes of glucosamine in the prevention Of oste0arthritis, there also is a con&m with 

the variability in glucosamine content of these other ,produets (58). ’ The amount of 

glucOsamine sulfate in the Petitioner’s pnxiuct can be precisely detected by suitable 

pteqaiometric methods (Attachment 2). The methods proposed are validated for 

spe&icity, linearity, accuracy and precision. Unlike mauufactmem of other dietary 

supplements, the Petitioner does not use the high-petiormance liquid chromatography 

method described in the USP 26, Nl?‘?l. Surprisingly, this method does not detect 

66glucOsamine” but only the chloride ions present in @ucosamine hy&OchlOride or 

,glucosamine sulfate sodium chloride (crystalline glucOsamme sulfate). By using this 



U& method it wouldjx&ssibl~ ta de@@ a &dent of glucosaminc of 100 prc@nt ‘, 

when there is no glkosamine in the di&y supplement (provided, of courecI, that : 
.’ 

chloride iops are &tin the die&y supplement) (see also Puti*‘s 4ixxmi& (. ._’ ,. . ‘I. 
underA~hm~t3). :: . . ., 
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The Petitioner believi that the shntik infon&ation publicly available a& 
. e in this Petition, supporh the following propod model health claim da&n: 

. I’ 

.Daily, dietary supplementation with Crystalline 
. 

Giucosamine Sulfate reduces the risk af osteo~ ’ 

joint structure deterioration and relatedJoint pain and 

limitation of fuJlctiolL 

This model claim captures the information presented in this Petition by informing the 

mer that crystalline glucosamine stillfate can reduccthe risk of o#eoar&itis- 

dated joint deterioration, joint pain, and limitation of Wtion. The claim is intended 

to assist in the prevention of the major health-related qxxlitions that are associated with 

cisteotwthra. 

The Petitioner is willing to consider alternative health claim language that may 

accurately characterize the nature and weight of the substantiating scientific evidence 

concerning the benefits of crystalline glucosamine sulfate in osteoarkitis. The claim 

should not, however, be extended to any other glucosamine formulation or combination 



0’ W. PO’I’E~ EF$‘ECT QF THE CLAIM UN TOTAL 
INTWS OF- SUBSTANCE ‘. 

Dietary supplements &iming a glucosamine GoWnt are Widely used in * ’ .’ 

/’ * .Unite@ States. Approval of this he&h claim may fbrther ke&se the coIls-w@on of 

glucoSsamine Containing supplemen& particulsrly those containing crystalline 

glucosamine sulfb. The increased consumption of crystalline glucosamine sulfabei is 

expected to h&e a beneficial impact in that it would reduce the incidy of 

osteoahitis. No adverse otbenefi&l changes in other dietary practices are eqxxted 
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: 
All m f?om clinical trials that are publicly available 81”e included under 

~~lmmt 1, together with all ,+nt& references cite4 here; in order of ~pp&&e in 
.; 

&e t&t of this Petition. To the best qf’Pc@hner’s knowle@e, a;ll non-clinical studies 
.L 

m&d upon in &is Pet&m wen3 couduc~ in compliance with the good latira~ ” . 

,pm&ices IT&~OIN set f&h in 21 kF.R Pait 58 and at &t&al studies hen either 

&&&ed in accordance with the requirements for institutional r/eview set fbrtb at 21 

C.F.R Part 56 or were not subject to such requirements ia acconjance with 21 C.F.R 

0 56.104 or 8 56.ld5j and were conducted in compliauce with the reqkiremkts for .’ 

informed conseut kt fortb’in 21 C.F.R Part 50. 

(I) 
Attachment 2 igcludes thq description of the asbay of for ghacosamine in 

crystalline glucosamb @fate. 

Ap&ment 3 includes the Petit&w’s comments on the HPLC determiuation of 

&code @ raw m&&l and tablets described in the USP 26 NF 21 (&e section V 

for A@&IxII~~ 2 ,and ‘3)‘. 

Attachment 4 contains the results fksnn a Medline search of the terms 

6j@~&nine and osteoarth&s” and includes articles with and without abstracts. The 

sear& has been updated and includes all articles already index~I in Mkdline at the end 

of August 2003. Not ,smprisingly, this search ,identified~numerous publications that : 
have limiti relevance fw purposes of this Petition. This Petition summa+es only 

those artic@ that are of sufficie& quality and relevance to provide rnv input a 

54 



.  

th e ~ l a t i *nshi*b~gl t i~  a m i o f3 twdd~.  T h e  P e titio n  a l so  i l lc l~ 

r & v d n t a b s tracts tbit  c a n n o t be i  s e m & e d  in  M id l ine  a n d  o the r  w ticles d a te d  d o  th iq .  . s  
topic .  
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‘a 

: 

X ,CONCLUSION AND CERlTIF’ICATION 
. _. 

For the foregoing +sons, the Petitioner requ+a that FDA approves the 

~~thclainL 
1. : 

r 
I 

I 

oh be&of Petitioner, and pursqnt to 21 C.F,R 0 101.70(h), t& undersigned . 

ceitifks thac to the best of Petitioner’s ‘knowledge, the Petitim includes all infbmation 

: and views cm whkh Petitioner relies and+ a repr+entative and balanced‘subr&sion 
.’ that includes all favorable as well as unfavorable information known by Petitioxier to be 

.pqtinent to the eval&$m of,tJne proposed healtb claim. 

Yours very truly, 

HOGAN ‘$ HARTSON L.L.P. 

. . 
. . B 

ROTTA PIQIRMA~UTICALS, INC. 
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